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ABSTRACT

Shipboard fires have plagued mariners for centuries; they still
cause significant damage and casualties each year. Improved fire
prevention and control require a sound knowledge of the phenonema
of fire. At the same time, a study of fires in enclosed pressure vessels
has been undertaken by the Navy using FIRE-1, a large pressure
vessel, to conduct full-scale experimental fires. A computer model is
being developed to simulate the FIRE-1 tests. This three-dimensional
finite difference model uses a cylindrical/spherical coordinate system
and includes the effects of turbulence, surface and flame radiation,
internal ventilation, global and local pressure corrections, strong
buoyancy, and conjugate boundary conditions. Given a heat release
rate, the model computes temperature, pressure, density and velocity
fields for the entire vessel. This thesis presents the internal
ventilation feature of the model and compares the numerical results to
a nonventilated case. Additional features such as combustion and
gaseous radiation are being incorporated to more accurately model
real fires. When validated, this model will become a useful tool for

evaluating fire prevention and control procedures and equipment.
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I. INTRODUCTION

A. BACKGROUND

Fires aboard ships pose a great hazard to both personnel and
materiel. Millions of dollars are spent annually on repairs of damage
due to fires. Personnel casualties caused by fires cannot be measured
in dollars and include both fatalities and severe injuries. Most person-
nel casualties result from toxic gas or smoke inhalation rather than
contact with the fire. The prevention and control of shipboard fires is
one of the Navy's and Coast Guard's greatest challenges in future ship
design. The computer simulation of a shipboard fire presented in this
thesis provides a tool which may be used to reduce the damage from
shipboard fires.

In order to prevent fires and their associated casualties, it is nec-
essary to better understand the basic phenomena of fire and smoke
propagation within enclosed spaces. This requires knowledge of vari-
ous physical phenomena: combustion, fluid mechanics, and heat and
mass transfer. Extensive research using this basic knowledge is
needed to predict the behavior of fires. With a better understanding of
fires, ship designers and engineers can reduce the probability of igni-
tion and propagation. New systems and procedures for fire control
can be developed to reduce the losses should a fire start due to acci-

dent, equipment failure, or hostile action.

e



Shipboard fires have unique complexities not found in other fire
scenarios. Access to a fire area is limited and spaces frequently con-
tain electronic equipment, electrical power sources, machinery,
combustibles, or toxic materials. Compartments are often closed,
permitting pressure to build up in the space. Self-contained or recir-
culating ventilation systems present unusual fire scenarios. All of
these complications must be considered in the study of shipboard
fires; the model developed in this thesis has incorporated two of these
complexities: pressure build-up and recirculating ventilation.

Shipboard fire research is currently being conducted by many
organizations, including the Navy and the Coast Guard. Research
includes both experimental work and computer modeling. Experi-
mental work is limited due to its high cost. Scale models of fires do
not predict the behavior of full-scale fires because of the complexity of
the fire phenomena. It thus becomes necessary to conduct fire
research with full-scale testing. At the Naval Research Laboratory in
Washington, D. C., the U.S. Navy built FIRE-1, a large pressure vessel
designed to simulate fires aboard submarines and surface ships. This
unique test facility offers the researcher an opportunity to study a fire
with the pressure building up in the vessel. This models a fire in a
submarine or in a closed compartment on a surface ship.

Today's supercomputers, with their extremely rapid computa-
tional speed and massive storage capability, offer a researcher the
option of computer modeling of fires. The systems of partial differen-

tial equations which govern the fire phenomena can now be solved




numerically. The first models were simple, but current models are
building on the older models, incorporating more phenomena and
producing more accurate results. As each new submodel (such as a
combustion or gas radiation model) is added, the quality of the
numerical solutions improves. The models are being verified by com-
parison with actual fires, such as those conducted in FIRE-1.

When validated, computer models provide an excellent tool for
the fire researcher. In experiments, each test must be repeated many
times to verify the procedures, test facility, and data. The cost of
these experiments becomes prohibitive. Experimental researchers
must determine which test scenarios will produce the most meaning-
ful results and how to design the data collection systems and proce-
dures to monitor the most critical parameters. This is one aspect in
which computer fire simulations become invaluable. By developing a
code which accurately simulates a fire in FIRE-1, various fire scenar-
ios can be modeled at a reasonable cost. The most interesting scenar-
ios can then be investigated by experiments in FIRE-1.

Computer models may also be used in modeling fires which can-
not be tested in full scale due to the size and geometry limitations of
FIRE-1. An entire area of a ship might be modeled and the progress
of the fire within and between compartments could be investigated.
With such simulations, the spread of fire could be analyzed, and new
methods can be evaluated to prevent the spread of fire from compart-
ment to compartment. Additionally, the efficacy of fire extinguishing

systems can be evaluated by introducing models of these systems into




the fire model. All of these future uses require a validated code and
the use of a large computer. While the cost of a computer model test
is significantly less than a full-scale test, it still requires extensive
computer time. The current code running on an IBM 3033 uses
approximately 1.5 CPU hours per second of fire time. A supercom-
puter and vectorization could reduce this time by one or two orders of
magnitude, but the number of model tests needed to fully validate the

code still will require significant supercomputer resources.

B. COMPUTER MODELING

There are two basic procedure for modeling fires: field and zone
modeling. Zone modeling involves dividing the fire area into control
volumes or distinct regions [Ref. 1]. Each region contains a phenom-
ena of particular interest, such as the base of the fire, fire plume,
heating of the wall, ventilation inlet or outlet duct, etc. Mass and
energy balances are conducted across the boundaries and interconnect
all of the control volumes. This procedure provides information for
the entire area, but the phenomena occurring within each control vol-
ume are not always understood.

Field modeling, also known as differential field equation model-
ing, divides the compartment into finite volume elements. The con-
servation equations in differential form are used to calculate the mass,
momentum, energy, and smoke concentration at each time interval.
The temperature, velocity, pressure, density, and smoke concentra-
tion are known in each volume element. Models for additional physi-

cal effects, such as turbulence, forced ventilation, and different




geometry (such as equipment or decks) can be included in a field
model to better simulate actual fires. Field modeling requires a large,
fast computer with significantly more memory than zone modeling.
The accuracy of the solution depends upon reducing the size of the
control volumes; this increases the number of individual cells, the size
of the problem, and the computing expense.

Much fire research has been conducted to provide a solid founda-
tion for this thesis. Work performed at the University of Notre Dame
[Refs. 2, 3] included a two-dimensional finite difference field model of
aircraft fires. It predicted the movement of hot gases and smoke as
well as temperature and smoke concentration levels in the seating
area of an aircraft cabin. Additional work by Nicolette, et al. [Ref. 4]
included the development of a two-dimensional model of transient
cooling by natural convection. This model utilized a fully transient
semi-implicit upwind differencing scheme with a global pressure cor-
rection. Experimental data showed good agreement with the numeri-
cal predictions.

Recent studies [Refs. 5 through 13] have developed numerical
solutions for natural convection in three-dimensional rectangular
enclosures using field modeling. They successfully solved nonlinear
partial differential equations with a finite difference method. Models
and studies involving three-dimensional cylindrical coordinate buoyant
flows [Refs. 14 through 20] deal primarily with horizontal cylindrical
annuli that have walls of different temperatures. Smutek, et al. [Ref.

19] studied convection in a horizontal cylinder with differentially




heated ends at low Rayleigh numbers. Yang, et al. [Ref. 20] conducted
a similar numerical study for high Rayleigh numbers.

The difficulty in calculating pressure has been addressed using
methods that eliminate pressure from the governing equations.
Stream function-vorticity methods [Refs. 14 through 19] have been
used to solve natural convection problems in several geometries. The
problems inherent in this method include instability at moderate to
high Rayleigh numbers, difficulties in handling three-dimensional
situations, and the lack of pressure information, which often is a
parameter of interest. These problems are addressed by Yang, et al.
[Ref. 20], who propose the use of primitive variables with an arbitrary
orthogonal coordinate system.

Ozoe, et al. [Ref. 21] used a vorticity vector potential formulation
and alternating-direction-implicit finite difference method to compute
velocity and temperature fields for three-dimensional natural convec-
tion in a spherical annulus.

Baum and Rehm [Refs. 22 through 25] have developed several
field models for prediction of fires. Their models use time-dependent
inviscid Boussinesq equations to simulate three-dimensional buoyant
convection and smoke aerosol coagulation. Field models have also
been used to model room fires [Ref. 26] and fires in a general three-
dimensional enclosure [Ref. 27].

The numerical method developed by Yang, et al. [Ref. 20] and used
in this thesis is based upon the use of primitive variable finite differ-

ence discretization in generalized orthogonal coordinates. This




method has the ability to handle complex geometries and the stability

inherent in the primitive variable formulation.

C. FIRE-~1, THE TEST FACILITY

To better understand the phenomena of fire inside a pressurized
compartment, the Navy built an experimental pressure vessel for con-
ducting test fires. This test facility is designated FIRE~1 and is
located at the Naval Research Laboratory in Washington, D. C. A brief
summary of FIRE-1 is contained here; a more detailed report is pro-
vided by Alexander, et al. [Ref. 28]. Figure 1.1 shows the basic layout of
FIRE-1. It is a 46.6-foot-long cylindrical vessel with hemispherical
ends, capable of pressures up to 89.7 psi at 450 F. The radius of both
the cylinder and the end caps is 9.6 feet and the total enclosed volume
is 11,639 cubic feet. The vessel is constructed of 3/8 inch ASTM 285
Grade C steel and contains rupture discs at each end to prevent over-
pressurization.

Instrumentation monitors various fire parameters, including
pressures, temperatures, and smoke concentrations. Pressure trans-
ducers and bourdon tube gauges are located at the north and south
ends of the vessel. Thermocouples and radiometers are installed as
shown in Fig. 1.2, An array of ten thermocouples is located at each
end of the tank. Each thermocouple is a chrome alumel wire of 0.2
mm diameter having ceramic insulation enclosed in 1 mm diameter
Type 304 stainless steel jackets. Thermocouples are also located on

the chamber wall to measure the inside and outside wall temperatures.
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Figure 1-1. Drawing of the FIRE-1 Test Vessel
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Additional thermocouples and radiometers are available for temporary
installation at various locations as required for different tests. Smoke
obscuration can be measured three ways: visual obscuration with video
cameras, particle analysis, and obscuration with laser detectors. The
fuel burn rate is determined with a round tapered-edge fire pan with
various cross-sectional areas, provided with a constant-level fuel sup-
ply system. The operation and calibration is described by Alexander,
et. al. [Ref 28]. To date, the burn rate data has not been accurate, so
further experimentation is necessary to provide fuel burn rate. As dis-
cussed later, the lack of accurate burn rate data precludes complete
verification of the computer code. In the interim, several methods of
deducing burn rate have been developed for use in the computer
model.

Three features permit modification of the tests to more accurately
model the submarine or ship compartment being tested. First, there
are two removable decks, one installed in the mid plane of the vessel
and the other slightly over three feet above the bottom. Grated or
solid deck plates can be installed to test various shipboard configura-
tions. The decks have been incorporated in the computer model but
have not yet been tested and verified. Second, a nitrogen pressuriza-
tion system extinguishes the fire and can be used to evaluate its per-
formance in an actual fire situation. Ten seconds after energizing the
nitrogen system, the pressure in the vessel rises to two atmospheres
and extinguishes the fire by reducing the partial pressure of oxygen to

less than 10.5 percent. Third, there are two ventilation fans which
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can be installed to simulate the effects of internal ventilation. The
ventilation system has been included in the computer model and is

the subject of verification in Chapter 4 of this thesis.

D. FEATURES OF THE PROGRAM

The computer model was developed as a low-cost alternative to
predict the spread of fire and smoke in enclosed spaces on naval ves-
i sels. Together with the FIRE-1 test facility, which can be used for
validation of the computer code, it can be used to evaluate the effec-

tiveness of damage control systems and new ship designs in the pre-

vention and control of fires.

The computer model is a joint effort of the University of Notre
Dame and the Naval Postgraduate School. The original work by Nies
[Ref. 29] involved a model of a rectangular volume similar to FIRE-1.
The model was a three-dimensional, finite difference model employ-
ing primitive variables. It included a global pressure correction, sur-
face radiation, turbulence, and simple conduction at the walls. The
unreliability of the burn rate data from FIRE-1 experiments caused a
problem in validation of the computer model. To overcome this
problem, a scheme for developing the burn rate based on the experi-
mental pressure was developed; the procedure is describe by Nies
[Ref. 29:pp. 61-63].

Raycraft [Ref. 30) developed a more sophisticated model which
uses a spherical/cylindrical coordinate system to more accurately
model FIRE-1. It also includes a more detailed formulation of surface

radiation, global pressure correction, turbulence, and conduction. The
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problem with burn rate data persisted, and three trials were run to
attempt to better simulate the burn rate. The conclusions were:

1. The pressure tracking case, Trial 1, provided a numerically gen-
erated heat release curve from other available sources. The pres-
sure was forced to follow the experimental curve, causing large
oscillations in the heat release and temperature data.

2. Trial 2 used a third-order polynomial fit of the experimental data
provided by NRL. The pressure and temperature did not oscillate
greatly, but the values obtained were very high. This indicated
that experimental burn rate data was also too high. It was known
at the onset that the heat release rate data could be off by some
unknown scaling factor.

3. Of the three test cases examined, Trial 3 was a better repre-
sentation of the fire in FIRE-1. This case combined the heat
release rate levels obtained from Trial 1 with the third-order
polynomial fit variation from Trial 2. The results were a realistic
burn rate curve to use as input into the computer code. [Ref. 30]

The present code includes internal forced ventilation into the
model. The effects of two fans blowing into the end caps of the vessel
is investigated in this thesis using the burn rate curve discussed above
in Conclusion 3. The results are compared with existing data of the

fire model without ventilation.

E. THESIS OUTLINE

This thesis describes the numerical model, its derivation, and
application. In Chapter 2, the governing equations, initial and bound-
ary conditions, and the various submodels employed are discussed.
Chapter 3 presents the derivation of the finite difference equations.
The use of the control volume method in the spherical/cylindrical
geometry is explained. The conservation equations are presented and

integrated, finite difference equations are developed, and the pressure




correction procedures are described. Chapter 4 presents the experi-
mental data for the internal ventilation model and compares it with
the nonventilated case. The conclusions and recommendations for
future work are presented in Chapter 5. The appendix contains the

code for the model.
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II. NUMERICAL MODEL

A. GOVERNING EQUATIONS
1. Introduction
The governing differential equations used in the computer
model are described in this section. They are initially presented for a
Cartesian system and then transformed into a generalized curvilinear
coordinate system using standard tensor notation. Several assump-
tions are made in the development of the governing equations. The
fire is modeled as an unsteady volumetric heat source that is a third
order polynomial in time, which resulted from previous work [Ref. 30].
The effects of combustion have not yet been incorporated into the
code. Density varies in accordance with the perfect gas law.
Nies [Ref. 29] developed a computer code to model a fire in
FIRE-1 using Cartesian coordinates as an initial approximation. Ray-
craft [Ref. 30] describes the code for the current spherical/cylindrical
geometry which is summarized below.
2. General Equations
The governing equations include: conservation of mass (con-
tinuity), conservation of momentum, conservation of energy, and the
equations of state. These are presented below in Cartesian coordi-

nates and in standard tensor notations. The continuity equation is:

Pryt (Pu,),,=0 (2.1)
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The momentum equation is given as:
(puy. + (pu 1u1)'1= ~P,-pG,+ (CIJ)'J (2.2)
and the energy equation is:

(PCom T)o+ (Pu,Cp T)o = (KT, + ud + Pu | (2.3)

The stress tensor is given as:
= 2
o,,—uc,(u,,ﬁuj,.— sauuk.k) (2.4)

with 8y being the Kronecker delta, which equals the value of 1 when

i = j and equals the value of O when i # j. The dissipation function is:

2
@ =2(uf)8, +[u,(1-8,)] '%(uu)z (2.5)
The equations of state are given as:

P=pRT (2.6)

h=C,, (T - Ty) (2.7)

Since the computer model of FIRE-1 is in a combination of spherical
and cylindrical coordinates, these equations must be transformed into

a general curvilinear coordinate system (81, 62, 63). Yang, et. al. [Ref.

20] outlines this process, using the rules established by Eringen [Ref.




31]. The generalized orthogonal coordinates are transformed as

follows:
i
X, >0 (2.8)

with a scale factor, hy, for curvilinear coordinates given as:

h,=/2, 2= G?i)'(wg) (2.9)

Y AET

The scale factor is a component, therefore the summation rule does
not apply to the subscript of h;. Reference 31 gives the scale factors
in cylindrical coordinates as:

2
h,=r=8 (2.10)
h,=1 (2.11)
h,=1 (2.12)

In spherical coordinates, the scale factors are:

h,=r sin 6= 0’sin 6’

(2.13)




The covariant and contravariant metric tensors of orthogonal

coordinates are given as:

gy = 8 8 = d;h/h (2.16)

(2.17)
The vector tangent to the u; curve at P is given as:

g, u

‘' h (2.18)

and the velocity vector is given as:

ot = u(!)
h,

(2.19)

In generalized orthogonal coordinates [Ref. 20], the continu-

ity equation is:

(2.20)
and the energy equation becomes:
1 9 . T
(PCmT) *+ 7 57 (VE P Com o' 3
(2.21)
1 i(\/g KT, J*S
- 1 2 f
g 96 h}
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with the momentum equation given as:

| By 59 ! (2.22)
oh
1 1 1. 0"
——— ——— u -—
h hj ae‘ (p u J)
The stress tensor is:
" h ] h 1 1
i d u i 0 u
— —= () + +— — (&) +
h, 3¢ hJ hJ 89’ (h,
o\ =y (2.23)
__8” %9 (B u?,
| "hn, %0 VE h, |
and the dissipation function is:
u' ; u' ?
M{(h_)]a,, J) o-s0] -
Y g
2 (2.24)

5 [ &),

The only difference between these equations and the cartesian coor-

dinate equations is the additional terms in the momentum equation

for Coriolis and centrifugal forces. In the energy equation, several

terms have been lumped together in the source term:
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- 1 9 u
Sezh@r P VE 99 (‘/E h, )+Sh= (2.25)

The heat source term, Shs, is nonzero only in the fire, since gas radia-
tion effects have yet to be incorporated into the computer model.
Furthermore, since the present study deals with turbulent flow, the
conductivity, kefr, and dynamic viscosity, Lefr, are the effective quanti-

ties which include both the laminar and turbulent contributions.

B. INITIAL AND BOUNDARY CONDITIONS
In order to solve the governing equations, both initial and bound-
ary conditions must be applied to the model.
1. Initial Conditions
The initial conditions of the model are the same as the
conditions immediately prior to the ignition of the fire in FIRE-1.
The air within the vessel is assumed to be totally at rest, so the entire
velocity field is set equal to zero. The forced ventilation does not
begin until the fire starts, so that the velocity field due to the forced
ventilation builds as the fire starts to burn. The temperature of the
field is uniform and equal to the ambient temperature, which corre-
sponds to a nondimensional temperature of 1.0. Pressure and density
distributions are due to the static equilibrium distribution inside the
tank.
2. Boundary Conditions
The pressure vessel forms a solid wall around the entire area,
so all velocities on the wall are zero; this satisfies the no-slip condi-

tion. Since there is no mass flux through the wall, all velocities
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normal to the wall are set equal to zero. Temperatures on the inside
of the wall are equal to the temperature of the fluid immediately adja-
cent to the wall eliminating temperature discontinuities. The follow-

ing equations describe these boundary conditions.

ul=0 (2.26)

Tsurf = Tfluid (2.27)

Continuity of heat flux must be met at the walls.

qr“kf%“k'% (2.28)
with n representing the normal direction towards the center of the
vessel and qr representing the thermal radiation energy. There is
heat conduction through the walls and heat convection from the exte-
rior walls to the environment at the ambient temperature.

Due to the cylindrical and spherical geometry, there is a sin-
gularity at a radius of zero which requires special treatment. Several
different methods of correcting this problem are discussed by Yang,. et
al. [Ref. 20:pp. 167-168]. The method chosen for this model involves
applying continuity to two consecutive radial control volumes placed in
the vicinity of radius equal to zero. Of all the methods investigated,
this was found to give the best representation of the flow and

temperature flow fields.
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The boundary conditions for the control volumes adjacent to

the ventilation control volumes are discussed in Chapter 3.

C. PHYSICAL MODELS
1. Turbulence Model

An algebraic model is used to predict the average values of
the dependent variables. More complicated models could be used, but
the increase in computing time does not warrant their use. Nee and
Liu [Ref. 32] developed a model that obtains the effective viscosity, pefr,
in recirculating buoyant flows with large variations in turbulence levels.
The equation, after being transformed to the generalized orthogonal

coordinate system, is:

& (2] 6-9)

where Pry is the turbulent Prandtl Number and the Richardson Num-

ber, Ri, is given as:

" ()72

Ri =
uj

2

(G 2]+ [Gn e[ [(B)ne] =

with % a unit vector in the direction opposite to gravity and 1/H the

nondimensional mixing length parameter:
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where K is an adjustable constant. The effective conductivity is

defined by the following equation:

eff Pr Pr _'J'T (2'32)

2. Conduction Model
As the fire progresses, the heat energy transferred to the
environment becomes increasingly important. This requires a model
for the heat conduction through the vessel walls. The energy transfer
is treated as unsteady, one-dimensional heat conduction through the
wall and convection with a constant heat transfer coefficient at the

wall exterior. The energy equation in this case is:

(p+ConT) = T= s (VEKT,¢) +

(2.33)

with pg Cps being the heat capacitance of the wall and kg being the
conductivity of the wall.
3. Radiation Model
The radiation model is described in detail by Raycraft [Ref.
30:pp. 22-44] but is summarized below. The radiation model used is

based on three assumptions. First, the model only considers surface
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radiation; this means that the gas and smoke inside the tank is con-
sidered to be transparent. Second, all surfaces are modeled as grey
surfaces, with radiation diffusely distributed. Third, the tank walls and
the flame of the fire are treated as surfaces. The radiation model is
based on the net radiosity model discussed by Sparrow and Cess [Ref.

33]. The net rate of heat loss per unit area is given as:

Q, 2": .
a, ~<GioT, (2.34)

=

with the following definitions:

€,

Gusl—e‘(au'q’q) (2.35)
¥ = -1
gy =Xy (2.36)
_ 8y, - (1 -¢) F,_,
Xy = E, (2.37)

Faji-aj is the view factor for the radiation emitted by the surface i and

incident upon surface j. Generally, it is given as

P 1 cosfB,cosf,dA, dA,
Al-Aj — Ax A

nr?
A ! (2.38)

The view factor calculations are given in detail by Raycraft [Ref. 30:pp.
29 through 44].
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4. [Interngl Ventilation Model

The internal ventilation model allows the user to set up

forced internal ventilation in the field. This would normally represent
outlets of the ship’s ventilation system, but could also model ventila-
tion due to damage (i.e., ruptured air lines or ventilation ducts) or
damage control smoke removal equipment. The internal ventilation

model defines a velocity in one or more control volumes.
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II. FINITE DIFFERENCE EQUATIONS AND CALCULATIONS

A. INTRODUCTION

The numerical solution for the computer model has space and
time as the independent variables, and velocity (in three directions),
pressure, temperature, and density as the dependent variables. With
six unknown dependent variables, six equations are needed to obtain a
solution. The conservation of mass equation (Eqn. 2.20), conservation
of energy equation (Eqn. 2.21), conservation of momentum equations
(Eqn. 2.22), and the equation of state (Eqn. 2.6) are used. These
equations are discretized in a method similar to that described by
Doria [Ref. 34], based on the general discretization concept presented
by Patankar [Ref. 35]. Doria divided the domain into separate control
volumes and wrote conservation equations for each cell in an integral
form. These integral equations became a set of finite difference equa-
tions which could be solved to provide a solution.

In the flow field, each cell is treated as a unit, with one value of
each property reigning throughout the cell. The center of the cell
determines the value of temperature, pressure and density. The
velocity grids are staggered one-half cell away from the center.
Patankar [Ref. 35:pp. 115-120] describes two problems which arise
when the velocity cells are coincident with the basic cells. First, the
velocity at the staggered cell center is calculated as a function of the

pressure differential between the two adjacent nonstaggered cells. If
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the cells were not staggered, the velocity would be calculated based on
the pressures of adjacent cells, which are twice as far away as in the
staggered cell case. Second, staggered cells preclude unrealistic
oscillating solutions.

Employment of primitive variables presents a problem with the
coupling of the pressure term in different equations. Others have used
the stream function to eliminate this coupling [Refs. 14-19] but in the
present case, with the desire to determine the pressure, this method
is inappropriate for the reasons cited in Chapter 1. In the computer
code, an iterative procedure is used to estimate pressure. To ensure
that the results are physically realistic, a numerical method must not
violate the conservation properties. Patankar [Ref. 35:pp.120-126]
and Doria [Ref. 34:pp.26-32] describe the method of satisfying
conservation by correcting the estimated pressure to ensure that mass
is conserved at every cell. In addition to the local pressure correction,
a global pressure correction is included to account for the total energy
change in the system, as described by Nicolette, et al. [Ref. 4].

In the finite difference method, differential elements are replaced
by finite quantities in the integral form of the equations. Many
methodologies have been developed for dealing with the differencing
techniques and each has inherent features and problems. The QUICK
methodology (Quadratic Upstream Interpolation for Convective Kine-
matics) developed by Leonard [Ref. 36] is used here for the convective
terms. QUICK uses locally two-dimensional quadratic interpolation

functions for estimating control volume face values and gradients of
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transported variables. It is third-order accurate and permits practical
grid sizes. Yang [Ref. 13] employed QUICK in the coupled momentum,
energy, and pressure equation solutions for three-dimensional flow in

tilted rectangular enclosures.

B. CONTROL VOLUME

When defining the problem to be solved numerically, the flow
field is divided up into finite elements, or cells that together make up
the entire field. At the center of each cell is a grid point that is
defined as the governing point of the cell. In discussing the grid
points, the following nomenclature is used. The grid of interest is
called P (I, J, K), with adjacent grids being defined as: East (I+1, J,
K), West (I-1, J, K), North (I, J+1, K), South (I, J-1, K), Front (I, J,
K+1), and Back (I, J, K-1). The boundaries of the cell with grid point
P are designated by lower case letters, or e, w, n, s, f, and b. Figures
3.1 and 3.2 shows typical cells in cylindrical and spherical coordinate
systems.

As previously discussed, velocities are defined in a staggered grid
system. To illustrate this, Figure 3.3 shows a two-dimensional cell;
Figure 3.4 shows the location of the staggered velocities around the
grid. The velocity, uj, for the basic cell is located on the west face;
Uf is on the south face; and ui (not shown) is on the back face. In all
cases, the staggered cell system is offset one-half cell from the pri-

mary cell system.
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Figure 3-1. Basic Cylindrical Cell
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Figure 3-2. Basic Spherical Cell
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Figure 3-3. Two-Dimensional Basic Cell
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Figure 3-4. Two-Dimensional Staggered Cell




C. INTEGRATION OF CONSERVATION EQUATIONS
To discretize the conservation equations, it is first necessary to
put them into an integral form by integrating over the volume of a cell.

The continuity equation becomes:

f%%hlhzhadeldezd63+
2 (pu'h,h )+-2 (pu*h, h)+
36" P 23 30> p 3

+a—g§-(p u*h h)) do'do’de’=0 (3.1)
and the energy equation is:

a(pC
J—(p—agﬂ——)h h, h, do' de’ de’ +f[a—z;(pc,,mu‘1‘h2h3)+

—%;(pc W Th, h3)+ %5 (P Com uaThlhz)]de'dezdes -

J[ r(qg'h h3)+ (q h h3)+ (q h h)]de’de”de+

[ sh h,h de'de* de® (3.2)
with:
(__k T
= - 3.3
15", %' (.3
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The momentum equations are:

d h h,h, I 3l 32 o3
f_aét_(puf) h h, hadel de’ d93+J“a_eT[(_——hj )p u'u’ide de” de

h h, h
=I_ 5—9—,(?-—%)%’ de’ a6’ + {p G,h h h_ de' de’ de’

h h,h
+ _3_1(0‘1_—__' 2 s‘)de‘de’ de’
a6 h,h,

hlhzhs oh, 1.1 Y 1 ;1,2 .3
-J b h -[aej(puu—c)dede deé

h h h oh
+] 123 L (pu’ U’ - o) |de do® de® (3.4)
h. h 26

CONTINUITY EQUATION

Once the governing equations have been integrated, the differen-

tial elements are replaced with finite quantities. Three separate

differencing methods are used in the computer model: forward dif-

ferencing for time, central differencing for the diffusion terms, and

QUICK for the convection terms.

In forward differencing, the future value of a given parameter is

found by adding its present value to the net change over a finite time.

This change is described by the rate of change (slope) multiplied by

the time step. For example,
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ph=p" + m At (3.5)

with pn-1 representing the present value of density, m is the rate of
change, pn is the future value, and At is the time step. Substituting
this into the continuity equation (3.1) results in:

ap _ pn - pn—]
wa VTR

12 a3 PR-p?t
h, h, h, A6 A9” A6 iy T AV (3.6)
By evaluating the integral, the continuity equation becomes:

(p"-p"") &L +[pu'h, b, o’ de’] -[p u' b, h,de’ do’]
+ [pu®h,h, de'de’] - [pu®h, h, de'de’] + (3.7)

+ [pu*h, h,de de’] - [puh h,de'dé’] =0
f b

The mass flux rate, G, is evaluated at each of the six cell faces:

(pp(h, 48"),, +p.(h,a8"),)

G = 1 = 1

e (Pu )e u, ((hl Ael),+l+(hx Ael)i) (3-8)

G,=(pu'),=u [ (p,(h,40")  +p, (h 408") ) ] (3.9

w w w ((hl Ael)l-l+(hl Ael)‘) ) )
[ (Po(h, 46%), +p, (h, 46°) ) ]

Gom (puln=u: oot T ) (3.10)
i ((the ), +(h, AB ),) |
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(p,(h, 26°)  +p, (h, 46")))

G.=(pu?),=u} [

(3.11)
((h, 46")_, +(h, a¢"),)
p,(h,A6%),  +p.(h, 26°) ) ]
Gf=(pu3),=u:: ( P'"3 - k+1 F 33 k) (3.12)
((h,40°),,, +(h,806%),) |
p.(h,A8°),  +p, (b, 46%), ) ]
Gb=(pu3)b=ui ( P 3 5 k-1 B 33 k) (3'13)
((hy80°),,+(h,46°),) |
with the area of the faces given as:
A.,=(h, a6 h, a8%),, (3.14)
A,.=(h,A6'h 40°),, (3.15)
A,,=(h, A6 h,A0"),, (3.16)
In the finite difference format, the continuity equation becomes:
n _ an-1 AV
(o i )& G.-Gu+G,-G,+G,~G,=S,,  (3.17)

with Smp defined as the mass source term. In an analytical solution,
this mass source term is zero, but in numerical solutions it is a finite
nonzero term. Through iteration, the numerical solution converges

and the mass source term approaches zero. Instead of converging to
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zero, the source term is set equal to zero when it is less than or equal
to 10-70,

E. ENERGY EQUATION
The integrated energy equation is:

[(P Com T =[P Cpn TV ] A+ G (Com T ) A =G (Com T Ay +

G,(C,.T), A, -G,(C,.T), A, +G, (CpnT), A, -G, (C,.T), A, =

=kc Ae aT] - kw A\v aT) + knAn —QI_; -
h, 30 h, 36 h, 36

w n

9T 9T T
-k, A, [—%5) - k,A + kA +S, AV
(haae’) ' ‘(haaes) ® "(haaea) 77 (3.18)
s f

b

where all k's represent effective values. Sr is the source term and
includes dissipation, radiation, pressure work, and all internal heat

sources. J is the total heat flux resulting from convection and

conduction.
oT

Jiw=|(pCom u'T) - k

[ Py off hlae’] (3.19)
2 JT
Jos=| (pCpm U T) -k, ——= )

[ PCom T hzae“] (3.20)

35




3 oT
J,‘b=[(pc,,,, W T) - kg h—sg] (3.21)

f.b

These equations are the 61, 62, and 63 components of the total heat
flux. The subscripts refer to the face to which they correspond. The
term (p Cpm ul! T) causes problems since u is evaluated at the cel! sur-
face, but all other values are evaluated at the cell center. Because of
this, when using these equations, the fluxes must be expressed in
terms of Cpm. p. and T at the point P and its neighbors. Substituting
these equations into the integrated energy equation, the finite differ-

ence energy equation is:

[(pCon TV ~(pCom T | AL +JLA ~JL AL+

+JIZA,-JA, + JJA-JPA, =S AV (3.22)

Of the many finite differencing methods, the QUICK scheme is
used with the convective terms because it accurately predicts the
dependent variable values at the control volume surfaces with stable
properties. QUICK has the relative accuracy of the central differenc-
ing scheme coupled with the stability of an upwind scheme. It uses a
parabolic polynomial interpolation to fit the control volume at three
adjacent nodes. Yang [Ref.13:pp. 77-89] describes QUICK in one, two,
and three dimensions. Raycraft [Ref. 30:pp. 63-74] developed the
finite difference energy equations using the QUICK scheme. Since
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this method is used in the computer model, the derivation is repeated
here.

The quadratic interpolation for a nonuniform grid is given as:

ELT_e)_l_

(p Cpm uT)e=GeCpmg[( 2 8 CURVC] (3.23)

T, +T,
(0 Cou v T)_ =Gy Cpua|(5—)- Lcurv, | (3:29)

Figure 3.5 shows the one-dimensional scheme. The upstream

weighted curvature terms CURV are:

CURV , =

AXZ TE—TP TP_TW
X [ AKX T TAX JifGe>O

P
e - == )ifGe<O (3.25)

AX, (Teg-T, T,-Ty)
_ AX( -—2—*] 6. <0 (3.26)
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Figure 3-5. One-Dimensional Quadratic Interpolation Scheme q
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with

AX.=0.5 (&X, + AX, )
AX, = 0.5 (AX, + AX )
AX. =0.5(AX ,, +AX,,,) (3.27)

AX,, =0.5(AX,  +AX ,)

In generalized orthogonal coordinates, the equations becomes:

, T,+Te
(PCpmu'T) =G.C,n.(—5— - g CURVN, (3.28)

T, +T,
(P Cpm u? T)w= Gwcpm.w (—pz—' - %’CURVNw) (3.29)
with
curvy, < P800 (Te =Ty Tp-Tw if G,>0
e = - e
(h, 46'), {(h,A6'), (h, A6'),
(h,A6)2 (T, -T, T.-T,
= - if G, <0 .
(h, A'),,, ((hIAel)w (h, Ae‘)eJ (3.30)
(h, A0'), (T,-T T, -T
CURVN, = —— ¥ ¥ W i G,>0
(h,46"),,, ((h, A8), (b, A8)u
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h,a6')2 (T.-T T,-T
- & 1 2 . —F—% | f G,<0 (3.31)
(h, A0'), ((h,A0). (b, 4A0),

and
(5, 46), <05 [ () + (58 ]
(h, 4¢') =0.5[(h,20") +(h,a0") 1]

(h, 88") =05 [(hlAe‘)H1 +(h,a0") ,,2] (3.32)

(b, 2¢') =05 [(h,Ae‘) Lt (h]Ael)m]

The conventional finite difference form of Eqn. 3.22 for a one-

dimension system is:

n n- v
[(P Con T)" ~ (p Com T) l]hI%T =
(3.33)
1
= AT +A,T,-AT,+S(h, a¢")

Using a semi-implicit tri-diagonal solution procedure, both Tgg and

Tww are included in the source term. The remaining coefficients are:

Com-(-7G.+3[G.]) K
— pm - c [ _ .
Apg= 16 + Conu(-G. +|G, )+ b a0 (3.34)
Comw(9Gu+3[G,[) k,
Aw = 16 + Com (G +[Ge]) + , (3.35)

h, A6

1
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9 k -l*ke
A, =75 (GuCprnuw-G.Cpn) +3(|Gu[Cpm +|G|)+—h—Ae— (3.36)

S,=Sh, A0 -C,.. (1G.|-G,) Tx =~ Com.w (|G| +G,) T, (3.37)

The three-dimensional QUICK algorithm uses locally quadratic
interpolation of temperature through each control volume. Figure 3.6
shows the calculation cell for a three-dimensional uniform rectangular
grid. The cylindrical/spherical grid system used in the computer
model is more complex, although conceptually the same. Yang [Ref.
13] discusses the evaluation of the curvilinear and temperature terms.
Basically, curvature terms are calculated for each of the temperatures
and substituted for the convective heat flux terms. Heat flux is calcu-
lated and substituted into Eqn. 3.22.

After separation of variables, the energy equation becomes:

AV T T T
[Ar+(PComs)  J5- Ty = ApT, +Aj, Ty +ART,
(3.38)
+A T +AI T +A, T +5S,
with the additional source term,
T n-1 AV
Su=(P Comsp T) _A_t—A + Agur + Aynr
(3.39)
¥ ASSR + AI-‘FR + ABBR
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CN =Gn * u2]+l P (h3A93)n (hlAe])n

CS=G,*u} *(ha¢") (h,a0")
CE=G,*u, *(ha0°) (h,s6%)
CW =G, *u; * (hsAea)w (thez)w
CF =G,*ud, ‘(hlAel)r (h,46%)

f

B =G,*u *(hae) (h,ae*)
b b

Thermal conductivity is:

1

kn = ) 1

k,* (h, A6°) '
J

k.1+1 * (h2 A62 )j+1

(h, /392)J +(n, Aez)y1

k, = 1
. 1 N 1
k,* (h, A6°) k,, *(h,a6")
3 -1
(n, A62)1+(h2 Ae’)H
k.= 1

1 + 1
Y e e Cwy
i i+

(h,Ael)’+(h, A92)M
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(3.41)




K.

1

1 . 1
k, *(h, A¢') k_ *(h, ad) 1
i i-

1 2
(n, A® )i+(hl A® ).-1

1

1 + 1

o (0,800 Ko (1,00

3 3
(h, @ ) +(n, Ao )m

1

1 + 1

o (h,a0) Koy (b,a0)_

(n, Ae")k +(n, AOS)H

h, A6’ *h, A¢'
CONDN1=k, *

h, A¢°

n

h, A6’ *h, A€
CONDS1=k,*

h, A6°

(3.42)

h, A6’ *h_ A€’
CONDE1=k,‘[ 2 2 J

h, A6’

[

h, A6’ *h, A€
CONDW1 =k, *| — 2

h, A6

w
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& o

i ke tParng e Bl o

h, A¢ 'the’J

CONDF1 =k, * :
h, A0

f

h, A6'*h, Ae’)

CONDB1=k,* 2
h, A9

b

In equations (3.41) and (3.42), all k’s are the effective values.

|ce|+ce (i 88)

C =
FTTUE (n, 9)
i
cgy - ICEL=CE (n, 48
- 18 (n,ad)
1+1
LCW | + CW (hl Ael)w
CWP = ,
5 (s
-
1
_LCW[—CW (hlAe)w
cwM = == oad)
i
onp < LCN +CN (h, 46%)

16 (n,s0)
4]

|CN| on (b, 8€)
CNM = W
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csl+cs (bs 86),

CSP =
6 o0,
]_
csm = LSl=cs (n, a9,
5 (,9)
o Ll o (h:,Aea)r
16 (n,a0)
3
Cm=|a?l_a: (hSAe)f
16 (n,88)
k+l1
cep - [ B1+ B (8, 49),
16 (h, 46
k-1
3
cey = BB (h, 27),
16 (haAea)k
. —CEM*(h, a¢")
EE ~ (h,AOl)
. -cwp*(h,ae")
ALy = -
™ (b, 49')
46 1

n




-CNM * (h, 46%)

T
Ty 08)
., ~—CsP*(h,a0%)
s (b, 26°) - (3.44)
-CFM * (h, 46°)
AT = f
T (ny20%)
i
~CBP * (h, 40°)
A;B = .

(0 o0°)_

T
A=A, * Tj_2 . Cpm,_, (3.45)
A__=Al *T =
FFR FF k+2 Pm .,
T
Agpe =Apg * T, ,* Cvm -3

The intermediate coefficients are :




A, =-0.5*CE + CEP + CEM *

+ CWM *

A, =0.5*CW +CWM + CWP *

+ CEP *

A,=-05*CN +CNP + CNM *

+ CSM *

AS=O.5‘CS+CSM+CSP‘{

+ CNP *

48

[ (, 46))
1+

(h, A9‘)j+

(b, 4¢))
(b, 46)

{ (h,Aﬁ)w}
1 +

" (b, 49)

(h, Ae’)e
(n, 29),

[ (h, a¢°)
1+

(h, 46%) ]

(8, 00)

(h, a¢")

(n, A6)

n

G

(h, a8%)_

(b, a¢")

}+

(3.46)

(3.47)

(3.48)

(3.49)




. (h, Ae)

A_=-05*CF +CFP . —t
i - + + CFM (h o )
* (h, Aes) (3.50)
+ CBM *
(b, 2¢)_ )
(h, 46°)
A, =05*CB +CBM +CBP *|1+-— ™
(b, a€°)
(n, 46" (3.51)
P * —*
FET T h, 00)
b

The coefficients are:

Ar=A,*C_ .+ CONDEI
w=Ay*C, ., + CONDW1

A =Ay*C_ .+ CONDN1 (3.52)
A=Ay *C_  + CONDS1
AL=A,*C_. .+ CONDF1

s =Ap *C_ .+ CONDBI

ApT is the sum of all the values of A.
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A, = Con,* (AL+AL +AL +A +AT+AL+A_+AL, +

T T T T
+A L tA+A +A ) + CONDE1 + CONDW1 + (3.53)
+ CONDN2 + CONDS1 + CONDF1 + CONDB1

F. MOMENTUM EQUATION

The integrated momentum equation is given as:

(pu') V+M!'A -M, A, + M, A, -MA,+
(3.54)
+M/ A -M’A, = S

with Aj, the area of the staggered cell given by Eqns. 3.14 through
3.16. M represents the total momentum flux in the 64 direction due
to convection and diffusion for the ul! velocity component. M is evalu-

ated at the face noted and is given by:

M =(pu'u-c') (3.55)

The source term includes body force, pressure gradient, centrifugal,
and Coriolis forces and for u! is :

S'=-P,A, + P,A,+pG AV - M (A, -A,) -
(3.56)
-MY (A, -A,) + (M5 +M5) (A -A,)

Yang et al. [Ref. 20: pp. 11-13] describes the concept of a “stress-

flex formulation™ as it applies to a curvilinear coordinate system.
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Stresses are calculated from previous information and the source is

given in the current iteration. The momentum flux is:

M =+ (6-4) (3.57)
with
! i
8, = =
[hj (9“-,-)] (3.58)
00
Al t,,] !
M = puu - 6, (359)

The ul momentum equation becomes:

(u) + M. A~ M

A 13 A 13 A
+ Mf j\f - Mb Ab = S (3.60)
é = S- (6)1_611)eAc+ (ell_oll)wAw—
- (e";_czl)nAn+ (6";-02,)SA9- (3.61)

- (6?_63;){}\{"' (ej-ci)bAb

The momentum equation for 8! is given as:
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ul u‘ ul

(Ap +p™” %)u‘p = A ul +A,ul +
‘Anl 1 Aul 1 Aul 1 ‘%ul 1 Sul 1

+ n U, +A, U, + ¢ Uy + b Uy + u (362)

The intermediate mass flow rates per unit area are:

[[pyl(h2A92)J+pJ(h2A92)Jﬂ]]
’*‘1 (h2A92)1+(h2A92)M j

r [p1-1.3+1 (hz A92)1+ Pia (hz Aez)jﬂ] ]

(h, Aez),+(h2 Ae")”1 j

: [p,_x (n, A92)1+ P ( h, Ae")H] ]
(n, 66 +(m, &) f

[[Prsm (82 28%) 4., (5, 86) 7]

- 2
o = Ui 1 (n, Aez)j+(h2A92) J
S

([pua (1, 88) +7, (b, 20)_])

Gc=ul+ L
@ 1 (h,20) +(n,20)_

(3.63)

( [pH (h, Ae‘)e +p,(h, Ae’)w] |

(b, 46') +(h, 2e')

[ B’l-z (hx Ael)w+p'_l (h] AOI)WJ ]
. 1 (n, Ae‘)w+(h,Ae‘)ww
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[Pun (B, 46) +p(h,467) 1)
(h, 26°) +(h,af’)
k k+l1

{
Gfe = uiﬂ 1

[Prun (B 86°) +p,(h,20%) 1]
(h, 46°) +(n,a6’)
k k+1

[
G = u?-l.lnl 1

o (0,88) +p,(h, %) ]|
(h, 46*) +(h,af’)
k k-1

.f
Gbc = u3 1

G - [ [pi-l.k-l (ha Aes)k P (ha ABa)k_l] ]
= T (m,a0) + (n, 47) |
k k-1

The final mass flow rates for the control volume surfaces are:

CE = 0.5 (G, +G,) *(h, 46°) *(h,a6’)
CW =0.5 (G, +G,) *(h, 46") *(h,46") (3.64)

[[Gme (0, 20") +G,, (h,46) ])

CN:(hl Ael)n (hs Aes)ni. l:(h1 Ael)w"‘(hl Ael)e] I

1 oy | [Gx (n,88) +G,, (n,40) ]]
os = (nad), (0e) T v ]|

Ny [[Ce(n29) 0, (na0) )
@:(hlae),(hz‘“’)fj [(1,406)_+(h, 46) ]
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@ = (n,4¢') (b, Aez)bz[E" (n,49), 0w (0, 29) ]|

| [ (B,20) +(h,a0) ]

The local viscosity becomes:

VIS, = VIS
VIS, = VIS,
(VIS,, + VIS + VIS, + VIS )
VIS, = - (3.65)
n 4.0
(VIS_, + VIS + VIS + VIS )
VIS, = 2.0
s - (VIS,,, + VIS +VIS_ . + VIS )
[ 4.0
(VIS, ,+ VIS +VIS,_ ,  + VIS )
IS, = 4.0
[(h, 46°) (h, a¢'
VISN = VIS, » (h, )(zx ) ]
h, 48 ]
[(h.a06%) (h, A8") ]
VISS < VIS, » (h, )(2, )
h, A0
[(h, 26”) (h, 48%)
VISH = VIS, *| ~—2 -2 (3.66) 4
h, A6 -

g [
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(h, 46) (h, 26°)
h, 46’

VISW1 = VIS, *

[(h,46") (h, 46°)
h, 48°

VISFI = VIS, *

[ (n,80) (h, 26°) |
h, A8°

- “b

VISBI = VIS, *

The coefficients for the momentum equations are:

AEER = AEE * U,
- A" 1
Awwn" Aww * u._,
A = AL+ ul
nnr © Oan F Uy, (3.67)
- AY 1
ASSR - Ass * u1—2
u
— 1
AFFR AFF * Uy,
- A" 1
Amm - Axm * u,.,

The values of the coefficients A are given as:

A, = A, + VISEl
A, = A, + VISWI
55




Ay = A, + VISN (3.68)
Ay = Ag+ VISSl
k A, = A_+ VISF1
[ A, = A, + VISBI
h The value of Ay, is the summation of all of the values of A:
Ap=AL +A, +Ay +AL+AL +A) +AL +AL +
A tAG AL T A, (3.69)
The source term is given as:
& - [p (hl Ael)w+ Pig (h1 Ael)e] LAY
v [(hIAel)c+(hlAel)w] At
+(n, 86°) (hy 86°) (P, =P+ Ay + A +Apg +

+Ar tAGr A *tRE-RW +RN-RS=RF -RB +

+ RRY + RRZ - RRX ~ Buoy *{Sin[ZC(K)]*(p—pBg)*
*(h,Ae') *COS[XC(D]}+{(pH-—pm )(h1 ag') « (3.70)

*cos[XC(1-1)]} /[(h, 48") +(h, Ae‘)c] AV
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with XZ and ZC as the center of the basic cell. The additional parame-

ters are given below.

[ o' = (u!,, - ul)*VIS,
RE = (h, 46" h,46°) (M1~ 1) }

(b, 40
(4! -ul ) *VIS,
RW = (h, a8’ hsAe“) (hlAe‘)‘w }
12 __ ) S, | *VISn
RN = (h,46 h,ae") [c’“ (EJ:A;S) l (3.71)
2

o' —(u -u )*VIS
(o a9,

RS = (h, 40" h, a6 [

13

o2 —~(ul . -ul)*VIS
- (hl AGI h2 A62) [ k+1 ( k+l k) f]
f

(0, 20")

67— (0! —ul_ )+ VIS,
3
(o, 20)_

= (h, A8 h, Ae”)b [

37 = os(c )’

i+l
=0.5 (olnl + cl:)

o (h, 40") +0%, (b, 20')
(h, 20') + (n, ae')

22

al
!

(3.72)
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. o (h, 46") +o?, (h, 40")

-

h,46') + (h, a6
(b, 46') + (b, 80")

AUl = u!

+1

AU2 = j[u > (. Aez)j ’} (b, 26)

2. (n, ABZ)’_+ u? (h, 40%)

[ 010 (b, 86°) + 3, (b, ) ] 1
J 1

+ 5 (hIAG) j/

2 (h, A8 e

(n, )J (8.73)
/[ (h,40') + (h,a¢') ]

([ us,, (h, 20°) +ul(h,a0”)
AG3 = < 3 . (h1 Ael)

1 2 (h, A8’) v

k

{ uf‘_l'k“(h3 A93)k+ u:,‘_l(h3 Aea)k } ]
+

2 (haAe“’)k (hIAel)ej/

/[ (h, 48') + (h,a8") ]

p(h,80') +p, (b, 40")
(b, 26') + (n,ae')

AR =

ARU12 = AR * AUl * AU2
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ARU13=AR *AUl * AU3 (3.74)

ARU22 = AR *AU2 * AU2

ARU33 = AR * AU3 * AU3

RRY = (&°-ARU12) (h,46%) [(hl 46') -(h, ae") ]
k n 8

RRZ = (&' -ARU13) (the’)j[(hl 26') -(h, ae') ]
f b

RRX = (5 - ARU22)(h, ABs)k[ (b, a6%) —(h,s0%) ]+

3.75
+ (3% - ARU33) (thez)j[(haAes)c-(haAea)w] (875

The momentum equations in the other two directions can be

similarly obtained.

G. PRESSURE CORRECTION

One difficulty encountered in employing primitive variables is the
difficulty in calculating pressure. In a closed system, such as FIRE-1,
there are two causes of changes in pressure. First, there are pressure
changes throughout the field due to a net energy change in the system.
To account for these changes, a global pressure correction is applied.
Second, there are pressure changes locally which determine the
velocity field. A local pressure correction is included to account for

these changes.
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1. P I )y
A global pressure correction follows from the two-dimen-
sional scheme developed by Nicolette, et al. [Ref. 4]. Overall pressure
levels are increased or decreased depending upon whether energy is
added or removed from the system. Since the volume and mass of the
system are constant, the sum of the local density times the local vol-
ume will be constant, and equal to the equilibrium mass. Summing

over all of the cells,

2 @v), = Yo, (av), (3.76)

with n indicating any time and EQ indicating equilibrium.

Assuming a perfect gas, density is a function of pressure and
temperature only, since volume is constant. The actual values of pres-
sure and temperature at any time are the sum of an estimated value

and the global correction.

P=P +P, (3.77)

T=T +T, (3.78)

with superscript * indicating the estimated value and superscript ’
indicating the global correction. By applying these two equations and
the perfect gas law along with Eqn. 3.76, the global pressure correc-

tion becomes:
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]
T
'
'
e
i
i
,

AV AV « AV

- - |- P

, zpm(T. T)z( T)
AV

P,=

(3.79)

T.

T T T T T Ty

This correction is added to the estimated value from the previous time

step, and iterated until a globally corrected pressure is obtained which

TEET

conserves mass in every cell.

2. Local Pressure Correction
i An iterative method involving the mass conservation equation
- is used to find the local pressure. Patankar [Ref. 35:pp. 120-126] and
Doria [Ref. 34:pp. 26-32] describe the method for determining the

local pressure correction. Initially, the pressure field is guessed or
the previous pressure field is assumed. Then velocities are calculated
based upon this assumed pressure distribution. Knowing the veloci-
ties, the mass source term, Spp (also called residual mass), is calcu-
lated for each cell. The magnitude of the mass source term and the
sum of the absolute values of every cell’'s residual mass serves as a
check on the conservation of mass within each cell and through the
entire flow field. If Symp is close to zero, the guessed pressure field is
satisfactory: if not, a local pressure correction is calculated and the
process is repeated until Spp is within the desired range. Once a sat-
isfactory pressure field is found, the densities for the next time step
can be found using the equation of state.

Similar to the global}pressure correction, the actual pressure

equals a guessed pressure (superscript *) plus the local pressure cor-

o !

rection (superscript ).




P=P +PF (3.80)

The finite difference equation for the pressure correction
takes on a form similar to the other finite difference conservation

equations. The equation for P’ is:

AP, = AP _+A_ P +A F +A, P ,+A P+

’ (3.81)
+A_P

B

5 — Sap AV

with

p.*(h,A8h Ae“)2
Ag = - (3.82)
(A ¥ PeaEr At )

+(h, A6 h, 86° )
Ay = 7 N (3.83)
(a5 + 0w 57)

*(h, 40" h, 26°)
Ay = " N (3.84)
(A * Pt )

*(h, A6' h, A¢° )
A, = " * (3.85)
S (Apa . ps %)
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-

p,* (h, 26" h, A0’ )2r
Ap = ( 3 Av) (3.86)

Al + p, o

P

p,*(h, A8'h, a¢° )z

oS
It

B " AV (3.87)
(a7 +puBF)
A, = A+ A+ A+ A+ A+ A (3.88)

At the solid boundaries where the mass flux is zero, the coefficient A
which corresponds to the boundary is equal to zero. When the final
corrected pressure field has been calculated, new velocities are found

from the following equations.

u = u* + u' (3.89)

u? = u? + u¥ (3.90)

u® = u® +u® (3.91)

with
4 _ (P =Py} (h, 46" h, A0%)
- Aul+ _A_V.

p ¥ Pw 2t (3.92)
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g2 _ (Po-P)(h, A0' h, A6%)

AV

Ap *+Ps 7p (3.93)

1 2
3 (Pp _Pb) (hl Ae h2 Ae )
u® AV
Ap +Po 3t (3.94)

Smp is then computed; if it is within the desired range, the
calculation is complete. Otherwise a new P’ is calculated and the pro-

cedure is repeated.

H. VENTILATION EQUATIONS
When forced ventilation is introduced, the velocity equation for

the control volume containing the ventilation becomes:

Ap u, = Ae uc+Awuw+Anun+Asus+
(3.95)
+Afuf+Abub+su
with
20
A, =10 (3.96)
S, = specified velocity *10*° (3.97)

this causes the velocity in the control volume to be equal to the
desired values for ventilation, and not be affected by the upwind or

other adjacent velocities.
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The boundaries of the control volumes with specified velocity
require special consideration. The equation for the downwind control

volume becomes:

Ayu, = Au +A u,+A u +A u, +
. . (3.98)
+A;u,+A u +S, :
with the starred values defined as:
A, = 0.0 (3.99)
S, = S.+A,u, (3.100)

This causes the ventilation to be the only effect from the upwind cell
and represents a fixed velocity internal ventilation system. The equa-
tions for the adjacent control volumes whose boundaries are parallel to
the flow must also change. For example, the equation for the control

volume north of the specified ventilation control volume becomes
AJu, = A u +A,u,+A_u_+A u,+

PP

+A u+ Ay u, + S, (3.101)

with

S, = S,+2u,A, (3.102)




A, = 00 (3.103)

T

This boundary equation makes the velocity in the entire volume

constant, rather than varying between the staggered cell center and
h the boundary.
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IV. EVALUATION OF NUMERICAL DATA

A. INTRODUCTION

The computer model presented here was designed to model fires
in the experimental pressure vessel FIRE-1. The theory of the model
has been given in previous chapters. This chapter will describe the
modeling of a fire with internal ventilation in FIRE-1. Although such a
fire test has yet to be experimentally run, this study will demonstrate
the feature of internal ventilation in the computer model. This is one
step to make the model more accurately represent real fires. The
parameters used in the study will be presented in this chapter and the
numerical solution process will be summarized. The effects of differ-
ent time steps in the computation will also be discussed.

Two trials were conducted, one with internal ventilation and one
without ventilation. A third trial was conducted using the ventilated
case, but with different time steps for the iterations.

Pressure, temperature, and velocity fields are generated from the
computer code. The temperature and velocity fields for various times
will be discussed for both the ventilated and nonventilated cases. The
global pressure and thermocouple temperatures will also be evaluated.
The thermocouple temperatures correspond to the temperatures
found at the location of the actual thermocouples in FIRE-1, in the
north end cap (shown in Figure 4.1). Additionally, the global pressure
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Figure 4-1. Thermocouple Locations
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and one thermocouple temperature will be compared for the cases

with different time steps.

B. NUMERICAL SOLUTION PARAMETERS

Various parameters are input into the numerical model in order
to model a particular fire. These parameters include: initial condi-
tions, fuel heat release rate, location of the fire, geometry of the
enclosure, and physical characteristics of the enclosure, including
heat transfer coefficient and fluid properties inside the enclosure.
Other items could be added, depending upon the complexity of the
model: decks, equipment, fire extinguishing systems, and combustion
parameters. These are planned to be added to this model in the
future. The location of sensors and the physical description of FIRE-1
is given in Chapter 1. The ventilation fan locations are shown in Fig-
ures 4.2 and 4.3. The material properties used in this thesis are listed
in Table 4.1.

The numerical model of FIRE-1 uses a cylindrical/spherical coor-
dinate syctem shown in Figures 4.2 and 4.3. The grid is spherical in
the end caps, with 6, R, and ¢ directions, and cylindrical in the mid-
section, with 0, R, and Z directions. There are 14 cells in the R
direction; one cell represents the tank wall and another is in the
vicinity of R = 0 and is used to avoid singularity at the origin. Each
end cap has six ¢ cells; again, one cell is used to avoid singularity. The
mid-section has 18 Z (or ¢) cells ar.d there are 20 cells in the 6 direc-

tion oriented counterclockwise. Although a finer grid could be used to
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Figure 4-2. Ventilation Location in Computer Model (End View)
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TABLE 4.1
SPECIFIC MODEL PARAMETERS
P Wall Characteristics
Material ASTM 285 Grade C Steel
Thickness 3/8 inch
F Specific Heat 0.1 Btu/ (Ibm F)
Thermal Conductivity 25 Btu/ (hr ft F)
Density 487 Ibm/ ft3
P Fire Characteristics
Burn rate A Given Function of Time
Initial Temperature 35.6 C.
Initial Pressure 1.0 Atm
Location Center of FIRE-1

23.1 ft from end
3.21 ft from bottom

Ventilation Characteristics

1. Velocity 3.18 ft/ sec
Direction South to North
Location 11.1 ft from end

4.0 ft from bottom

2. Velocity 3.18 ft/ sec
Direction North to South
Location 35.5 ft from end

13.6 ft from bottom

give more accurate solutions, the limitations of the computer
resources required that the grid not be enlarged. Table 4.2 presents

additional information concerning the model parameters.
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TABLE 4.2
GENERAL MODEL PARAMETERS

Grid
Number of Interior Cells 6,720
Number of Tank Wall Cells 560
Number of Wall Radiation Zones 560
Number of Fire Radiation Zones 19
Cells in the 0 Direction 20
Cells in the R Direction 14
Cells in the ¢ Direction (six in each end cap) 12
Cells in the Z direction (in the mid-section) 18
Time Step
Varied 0.0192-0.0288 Sec
CPU Time (1 CPU hour) 0.6-0.8 sec fire time

External Heat Transfer Coefficient 15.0 Btu/ (hr ft2 F)

C. NUMERICAL SOLUTION PROCESS

Two separate programs comprise this model; the first is a surface
radiation preprocesser program which calculates the view factors.
The main program is similar to that presented by Nies [Ref. 29:pp. 54~
57] and Raycraft [Ref. 30:pp. 96-97]. The first part of the main pro-
gram establishes the initial parameters and inputs the view factors.
Then the effective viscosity is computed in Subroutine CALVIS. Every
two time steps, the wall radiation flux is recalculated. Temperature,
pressure and velocity are computed in subroutines using a semi-
implicit technique which solves the finite difference equations. Sub-

routine CALT is then called to determine the temperatures, followed
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by the computation of the pressure and global pressure correction.
Then the velocities and local pressure corrections are computed; the
local pressure correction updates the velocities. With the corrected
velocities, continuity is applied to each cell and the residual mass is
found. The sum of the absolute value of every cell's residual mass is
called the residual mass source, RESORM. The magnitude of RESORM
indicates whether the pressure corrections are sufficient. If RESORM
is too large, the program recalculates the velocities and pressures
until RESORM comes within the desired range. If RESORM is greater
than 10.0, the program stops because this only happens when there is
a stability problem. If this occurs, the time step must be reduced and
the program restarted using data from a previous step. To economize
computer time, the temperature, global pressure, and density are only
calculated every third iteration. The iterations continue until: (1)
RESORM is below the predetermined value, (2) the maximum number
of iterations has been reached, or (3) the CPU time presently available

is insufficient to complete another iteration.

D. VENTILATION RESULTS

The numerical model was used to evaluate two fire scenarios: one
included internal ventilation and the other did not. The specific
parameters of the model were discussed previously. The validity of
the ventilation model will be evaluated and the numerical results of
the internal ventilation case will be compared to the nonventilated

case.
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A direct comparison can be made by looking at the spatial and
temporal variations of the velocity and temperature fields. Although
these fields are three-dimensional, they are presented in a two-
dimensional form at three representative sections in the tank, shown
in Figure 4.4. Section A is the mid-section front view, which cuts the
vessel vertically along the axis (Y-Z plane). Section B is the mid-sec-
tion end view from the south end, cutting the vessel through the mid-
dle of the vessel, perpendicular to the axis (X-Y plane). Section C is
the section view at the base of the end cap from the south end, which
is also cut perpendicular to the axis but at the intersection of the
cylindrical and spherical portions of the tank (X-Y plane). The venti-
lated and nonventilated temperature and pressure fields for the times
30, 60, 90, 120 and 150 seconds are shown in Figures 4.5 through
4.35.

Many observations can be made in analyzing the field plots, but
only the major phenomena will be discussed here. Raycraft, et al. [Ref.
38] discuss the results of the nonventilated computer model. In this
thesis, discussion will be limited to comparisons of the two cases and
some general comments. Particularly interesting phenomena include
the flame plume, global velocity field, ventilation effects, temperature
stratification, and the velocity field in a small region near the base of
the flame plume during the beginning of the fire.

As can be seen in Figures 4.5 through 4.8, the flame plume is well

formed early in the fire in both the nonventilated and ventilated cases

75

e AN



Figure 4-4. Location of Cross-Sections Used for Isotherm and
‘ Velocity Field Plots
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Figure 4-6. Mid-Section Front Views of
Velocity Field at 30 Seconds
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Figure 4-19. Mid-Section Front Views of
Velocity Field at 90 Seconds
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Figure 4-25. Mid-Section Front Views of
Velocity Field at 120 Seconds
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Figure 4-28. Section View at Base of End Cap of
Isotherms at 120 Seconds
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Figure 4-31. Mid-Section Front Views of r
Velocity Field at 150 Seconds
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and it dominates the local velocity field. As can be seen in Figures
4.12 through 4.33, the plume continues to dominate the field '
throughout the fire. The plume begins at the heat source and flows

straight up until it reaches the ceiling, then it divides and flows

towards either end of the vessel. In the local area of the fire, there is
some entrainment of the field due to the plume flow. Due to the
strength of the plume velocity, and the absence of any strong global
circulation, the flame plume divides the velocity field in half, isolating
the north and south regions.

The flow in the hot ceiling layer does not appear to have strong
enough momentum to carry it into the lower half of the tank, even in
the south end, where the fan augments the flow. Instead, the flow
recirculates into the tank interior, resulting in a downward-biased
flow. It then returns to the fire region in a somewhat spatially oscilla-
tory path. As can be seen in Figures 4.8, 4.10, and the other end views
of the velocity field, there is a spiral flow circulation pattern in the
ventilated case. This creates a more stagnant region to the right of
the vertical center line. Figures 4.7, 4.9, and the other end views of
isotherms show higher temperatures in this stagnant region because
the heated fluid is not being convectively transferred. It also makes
the conductive heat transfer through the tank wall in the region more
important, as the temperature is higher. In the nonventilated case,
the flow fields and isothermms appears to be symmetric about the verti-

cal plane.




As mentioned previously, the velocity of the fans is a constant 3.18
feet per second. This velocity i{s on the same order of magnitude as
the flame plume, but since each fan is directed only toward the end
caps, their impact on the global velocity field is not significant. The
fan entrainment creates only a small local disturbance to the global
flow pattern. The north fan outlet, in the lower region of the vessel,
has little effect upon the global velocity since the global velocity in the
region is very small, as seen in the nonventilated case. The fans effect
the heat distribution locally, as discussed in the next paragraph.

Figure 4.5 shows a hot layer along the ceiling of the tank, with the
temperature highly stratified in the upper region. The lower two-
thirds of the tank are still near the initial temperature. This tempera-
ture distribution is exactly what the velocity field suggests, flow only in
the upper third of the tank, and little flow in the bottom two-thirds.
In Figures 4.12, 4.18, 4.24, and 4.30, the temperature stratification
continues, but the heated fluid is slowly progressing toward the bot-
tom of the tank. Even at 150 seconds, Figure 4.30 shows that the first
isotherm, representing 15 degrees Centigrade above ambient, is only
at the middle of the tank. The bottom half of the tank experiences
very little temperature increase. In the ventilated case, the isotherms
in the north end cap are higher than in the south. This can be attrib-
uted to the fans at either end which push up the heated fluid in the
north end and push down the heated fluid in the south end. The
effect is limited to a small region in the end cap because the fan

velocity is relatively low and the flow is parallel to the isotherms.
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Since flow is along the stratification, very little mixing of different
temperature gases occurs except in the end caps, where flow is forced
into a single region. Had the fans been oriented in a direction not
parallel to the isotherms, one would expect the temperatures in the
lower portion of the tank to be more affected.

One anomaly which appears in the ventilated case is the second
circulation at the base of the flame plume on the north side seen in
Figure 4.11. The flow in this region is flowing away from the flame
plume until it turns upward as it hits the flow returning to the plume
from the end caps. It is believed that this is a transient phenomena
due to the interaction between the fan and flame plume entrainments.
As can be seen in Figures 4.6 and 4.13, the phenomenon has disap-
peared. Additional data for a time of 45 seconds, not included herein,
shows no indication of the second circulation pattern. The effects of
this second circulation pattern can be easily seen in the temperature
field in Figure 4.11.

Figures 4.36 through 4.39 present the data from the ventilated
and nonventilated cases. Figure 4.36 shows that the global pressure in
both cases is not very different. The differences can be attributed to
two causes. First, the entire field is not at a thermodynamic equilib-
rium state, and the relationship between the global pressure and a
field not in thermodynamic equilibrium is only an estimation. Any
change to the field which would closer approach equilibrium, such as

the mixing due to the fans, would affect the global pressure. Second,
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Figure 4-36. Pressure Curves for the
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the fire is still in its first stages, and the entire field is rapidly chang-
ing. This dynamic situation, along with the approximations inherent
in modeling, can also account for differences in the ventilated and
nonventilated fields.

Figures 4.37 through 4.39 show the thermocouple temperatures
versus time; the results are similar to the pressure, with the ventilated
case increasing more slowly but then catching up to the nonventilated
case, exceeding it at around 80 to 110 seconds. Since the thermo-
couples are in the north end cap, they are in the area in which the
isotherms are pushed upward by the fan. This could explain why the
temperatures are lower in the ventilated case. The temperatures
exhibit some local fluctuations which could be the result of thermal
instability associated with thermal plumes [Ref. 37]. In Figure 4.39 it
appears that there are large oscillations, but the scale on the graph is
smaller so that the temperature oscillation of all three thermocouples
is in the same range. These oscillations appear in both the ventilated
and nonventilated cases.

In most numerical models, the time step is an important factor. A
small time step uses too much computer time, while too large a time
step results in instability of the model. In this study, two trials were
conducted with different time steps. In the first trial, a time step of
0.0288 seconds was used up to 40 seconds of fire time, and then the
step was reduced to 0.0192. In the second trial, the beginning time

step was 0.1152 seconds until 6 seconds of fire time, when the model
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Figure 4-41. Thermocouple #1 Curve for Trials 1 and 2
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2 became unstable. At that time, the time step was reduced to 0.0288
; and further reduced to 0.0192 near 80 seconds, when it again became
unstable. Figures 4.40 and 4.41 show the global pressure and temper-
ature of thermocouple number 1 versus time for both trials. Note that
the curves are coincident for the first 20 seconds, then diverge until
approximately 90 seconds, when they begin to converge. At the end of
the runs, both the pressure and temperature appear to become coin-
cident once again. Since the only difference between these two runs
was the time step difference, it is evident that time step does affect
the transient results in this computer model. Also interesting is that
it appears that solutions using different time steps would become the

same after a long period of time.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
Several conclusions may be drawn from this simulation model of

the FIRE-1 test facility with ventilation:

1. The ventilation model has been successfully incorporated into the
numerical model of FIRE-1. The local velocity fields in the
region of the fans exhibit a realistic behavior. The global effect of
the fans is small due to the relatively low velocity and because the
flow is parallel to the isotherms.

2. The global flow field exhibited appears realistic. The fire plume
increases the gas velocity upward, resulting in a ceiling jet which
is the dominant flow in the field. The flow recirculates within
the field with minor variations caused by the ventilation.

3. The isotherms depict the concentration of hot gases in the top of
the field. These hot gases stratify and slowly diffuse downward as
time progresses. The isotherms are affected by the ventilation in
the end cap region, where they are pushed upward or downward.

4. A small change in the time step makes a discernable difference
in the transient solution. With different time steps, the transient
solutions are different. When the time steps are the same, the
previously diverging transient solutions appear to converge and
become coincident.

B. RECOMMENDATIONS

The following recommendations are made for future work on the

numerical model:

1. Additional FIRE-1 experiments are needed to better validate the
numerical model. Accurate heat-release rate data must be
obtained and included in the model, instead of using a synthe-
sized rate. Additionally, sensors should be placed at different
locations in the vessel to better validate the numerical results
throughout the field.
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. Develop and incorporate additional models to simulate physical
phenomena such as gaseous radiation and combustion.

. Continue to expand and validate the model to include decks,
equipment in the space, and fire-extinguishing systems.

. Since the model uses an extensive amount of computer time, it is
imperative that the numerical model be transferred to a super-
computer or a dedicated mini-computer.

. The ultimate goal of this project is to develop a computer model
for predicting fire and smoke phenomena in shipboard situations.
Completion of this goal will offer ship designers and engineers
with a valuable tool to design and build safer ships and
submarines.
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APPENDIX
COMPUTER PROGRAM

6 JEIE I I FrI 36 I 30 9 FEIE FEIEI I TEIE I J I TSI I I 26 36 T JIETE TN J6 30 JE 0I5 DTS T8 96 v-96-36- 96

nn "
i THREE-DIMENSIONAL NUMERICAL SIMULATION "
Ll OF A FIRE SPREAD INSIDE A NAVY STORAGE TANK o
133 [ 23
*r DEVELOPED BY : *n
*% H.Q. YANG AND K.T. YANG *n
»% *x
bl DEPARTMENT OF AEROSPACE & MECHANICAL ENGINEERING e
3% UNIVERSITY OF NOTRE DAME boad
"% NOTRE DAME, INDIANA, 46556 Lo
*% *%
e DEC. 1986 halad
%% "

636 T6 JE W IV W FEIE I JEIEIE IITETETETETIEIE I 36 I I T JEIEIE P62 J- 363 36 I IE SEI-06 36 336 J6-30- 00 HE-E00 38 9036

COMMON/R4/XC193),YC193),2C193),XS193),Y5193},25193),

1 DXXC(93),DYYC{93),D2ZC{93),DXXS193),DYYS(93),02ZS193)
COMMON/BL1/DX,CY,02Z,VOL ,0TIME ,VOLOT, THOT,TCOOL ,P1,Q,QR
COMMON/BL7/NI ,NIP1,NIM1 ,NJ,NIPL ,NIML ,HK NP , NKMY

& HNIPZ,NIP2Z,NKPZ,NA,NAPL,NAML,NB,NEPL ,NBM] ,KRUN,NCHIP ;NJRA ,NHRP
COMMON/BL1Z/ NWRITE ,NTAPE ,HTMAXO ,NTREAL , TIME ,SCRSUM.ITER

00000100
00000200
00000300
00000400
00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200

CCMMCN/BL14/HCOEF , TINF ,CNT , ABTURS ,BTURB , VISL , VISMAX ,QCORRT , PM1 ,PM200002300
COMMON/BL16/ CONST1,CONSTZ,CONGT3,CONSTS,CONSTo »NT ,UC . H,UGRT ,BUOY , 00002400
& CPO,PRT,CONDO,VISO,RHO0,KR,TR,TA,DTEMP,TWRITE , TTAPE , TMAX,GC,RAIR00002500

COMMOIN/BL20/S1G11122,10,323,5IG12622,10,32),51622122,16,32)

H »SIG13122,16,3214,51G23122,16,32),SI%22122+16,32)
COMMON/BL22/ICHPB( 10 ),NCHPI{ 10 /,JCHPB(10J,NCHPJ(10),KCHPBI 10},

& NCHFX(10),TCHP(10),CPS110),CONSI110),KFANI10)
COMMONI/BL31/ TOD(22,16,32),R0OD(22,10,32),P0D(22,16,32)

14 »€00(22,16,321,U00122,10,32)5V0D122,16,32),N00(22,16,32]}
COMMON/BLI2/ Tt122,16,532)5R1028,26,22},P122,16,32)

2 +£122,10,32),U122,16,321,V122,16,321,K122,16,32)
COMMON/BL33/ TPD122,16,32),RPDI22,16,321,PPD(22,16,32)

2 »CPDI22,16,321,UPD122,16,321,VPD(22,16,32),HPD(22,16,32)
COMMON/EL34/ KEIGHT(22,16,321,REQ122,30,22),

3 SMP122,10,32),SMPPI2C,10,32),PP122,16,32),

& dU122,%v4,321,0Vi22,16,321,DH122,10,32)
COMMON/BLI0/AP122,16,32),AE(22,16,321,AH122,16,32),AN(22,16,32),

H AS(22,10,32),AF(22,10,321,AB122,16,32),

] SP(22,16,32),5U122,16,32),RI(22,16,32)

00302600
00002700
00002800
00002900
00003000
00003100
00002200
00002300
00003400
00002500
60003600
000063700
00002800
00002960
00004009
00004100

COMMON/BLI7/ V1IS(22,16,32),CONDI22,16,32),N0D122,16,32),RHALLI579)00004200

& »CPMI22,16,32),HSZ(3,2),NHSZ122,16,32),RESORIM! 93 )
COMMON/BL38/NTHCO,CX(12),CY(12),C2(121,NTH(12,31,TCOUP(12)
COMIION/BLZ9/ALEN,PCURVE ,CONSRA , PCURM1 , PSOUTH , QCORR s PERROR
DIMENSION VFMYC(579,579),T4WALLIST79)

DATA N,ITLEFT,SORMAX,XTIME,ITMAX/20,400000,0.40,0.0,%/
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00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00005100




C #xx U0 : REFERENCE VELOCITY (FT/SEC),1 FT/SEC 00005200
C #x% RHOO : REFERENCE AIR DENSITY (LBM/FT#x3) 00005300
C #xn H t REFERENCE LENGTH (FT) 00005400
C »%x TA : REFERENCE TEMPERATURE (R) 00005500
C »xx TINIT : INITIAL TEMPERATURE (0) 00605600
C %*»x GC : GRAVITATIONAL CONSTANT 00005700
C »»n»% RAITR : GAS CONSTANT; 53,34 00005800
C %x% CONST1 : RA%UO*%2/GC 00005900
C #%x COMNST3 : INVERSZ OF TA 00006000
C x%x% CONST4 : REFERENCE LENGTH (CM) 00006100
C »x% CONSTé : REFERENCE VELOCITY (CM/S] 00006200
C %% CONSRA : TA#%3/(RAXCP*UO*H*H ) 00006300
C #%%x NTRWR : NTREAL/NHWRITE#NWRITE 00006400
C #xx% NTRWA : NTREAL/NWALTH*NWALT 00006500
C #%x% HCONV : HEAT TRANSFER COEFFICIENT ON THE AMBIENT (BTU/H.FT##2K)} 00006600
[ 00006700
c 00006800
c 00006900
C »%%x RAD,H: RADIUS OF THE CYLINDRICAL AND SPHERICAL SECTIONS 00007000
C CYL : LENGTH OF THE CYLIMNDRICAL SECTION OF THE TANX 00007100
C #xx%¢ NI : TOTAL NUMBER CELLS IN THETA-DIRECTION 00007200
c NJ : R-DIRECTION 00007300
c NK : Z AND PHI-DIRECTIONS 00007400
[+ NA : FIRST NUMBER Z-DIRECTION, ALONG THE CYLINDER AXIS00007500
C N2 : LAST NUMBER Z-DIRECTION, ALONG THE CYLINDER AXIS00007600
C %#% HSZi1,1),HSZ(1,2) FIRST AND LAST COORDIANTE OF HEAT SOURCE 00007700
c IN X-DIRECTION (IN DIMEMSIONLESS FORM) 00007800
c H3Z(2,1),HS2(2,2) FIRST AND LAST COCRDIANTE OF HEAT SOURCE 00007900
c IN Y-DIRECTION (IN DIMENSIONLESS FORM) 00008000
c HSZ(3,1),HS2(3,2) FIRST AND LAST CCORDIANTE OF HEAT SOURCE 00008100
C IN Z-0IRECTICN (IN DIMEMNSIONLESS FORM) 00003200
c 0909298300
C #xx ICHPB!) : STARTING NODAL NUMBER FOR SOLID IN THETA-OIRECTION 0000c400
c JCHPBL ) R-DIRECTION cN008500
[ KCHPBIU ) Z OR PHI-DIRECTION 00008600
C e NCHPI() : NUMBER OF NODALS FOR SOLID IN THETA-DIRECTION 000352700
c NCEPJL ) R-DIRECTION 000083C0
c MCHPK() Z,PHI-DIRECTION 000C2°00
T P20 IE 223096 26 3036 30 36 9692 TP 360636 T T IE I 6996 263636 T 36 3 I 376 363 330 I T 36 76 9 36 966 3 96 3326 3¢ 02002000
cosnel00

C 8822283588882 222388288282888222825222222222228848822834822822822883288 €000°200
< INPUT DATA 1 0C00e300
C 832383%3825323532328852232332282228482825232884222228882224888228200288288 00009409
CALL INPUT 00009500
0000900

C 2223333322822232228822322222222220222248222328822822282222822828 00009700
c GENERATE GRID SYSTEM ] 0000°800
C 22232283322332823822832322222228222882028828822 0208200228082 00009900
CALL GRID 00010000
0c010100

C SRR SRR IR E R R IR ER RN ECRERRNIRS AT FRRNSZERELSERERIIRERES 00010200
C #xx READ VIEW FACTOR INVERSE MATRIX | 00010300
R RN R AR RN RN R RN RIS ERLBSREIINSAREBTESERERNSESTRRERESS 00010400
999 READ (11,END=998) VFMXC 00010500

GOTO 999 00010600




998 CC! . LNUE
REWIND 11
CLOSE (11)

axzaas&asaaaa&&sasasaaasaa&&a&asaa&a&&&a&&&&&assaaaaaxaa&;a&a&t
INITIALIZE THE WHOLE FIELD
l&&!&&&&&&&&!&&l&&&&&&&&&&&&&&&&&&&l&&ll&&&l&l&&&&&&&&&&!&&&ll&
CALL INIT

oo

S2822222332222223822222222222222222202222220802008002802032228
STARY CALCULATION 3
SRAB22R222 2282222220252 2000222000280 2 0008040000888

OO0

NT=0
NTIM=0

300 CONTINUE
NT=NT+1

C %enx NTMAXO HAS THE MEANING AS "NTREAL" WHEN IT IS READ FROM
c DISK OR TAPE.

IF(XTIME .GT. TMAX) GO TO 303
NTREAL =NT +NTMAXO
TIME=TIME+DTIME
XTIME=TIME*H/UO

CRLa8822282228222A822228882222222222888522888202208088 2880882882

C CALCULATE THE TRANSIENT HEAT INPUT &
c NOTE IF 1 IN PARENTHESIS, THE BURN RATE IS CALCULATED &
c BY THE PRESSURE CURVE. IF EQUAL TO TWO, THE BURN RATE &
[« CURVE IS EITHER GIVEN OR ESTIMATED 2

C232a284532222323382888328884383482482258 38822028 822 280088
CALL CALGQLZ)

C wnm START CALCULATION
ITER=O
JTERM=D
JITERM=0

DIFIMNE THE UPDATED TPD(I,J,K), CPDII,J,K),RPDIT,J,.K)

o0

00 48 K=1,N¥P1
DO 48 J=1,HJP1
DO 48 I=1,NIP]1
TPOII,JsK 12TI2,J,K)}
CPDII,J,K)2C1I,J,K)
RPDLI,JsKISRII,J,K)
UPDII,J,X12U(T,J,K)
VPDII,J,KI=VIX,J,K}
WPD(I,J K )21 ,J,K)}

123

UrPDLI,J,K) AND VPD(1,J,K) FOR THE USE OF CALVIS AND SULI,J,K)

00010700
00010800
00010900
00011000
00011100
00011200
00011300
00011400
00011500
00011600
00011700
00011800
00011900
00012000
00012100
00012200
00012300
00012400
00012500
00012600
00012700
00012800
00012900
00013000
00013100
00013200
00013300
00013400
00013500
00013600
00013700
00013800
0CJ13900
00014000
00015100
00014200
00014300
00014400
00014500
00014600
00014700
00014800
00014200
00015000
000151C0
00015200
00025300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
00016100




48 CONTINUE

29 CONTINUE
JTERM=JTERM+1

301 CONTINUE

CERCRL82228820822822252832228882222888 2280008222200 80888882
c CALCULATE THE RADIATION HEAT FLUX AT EVERY NRAD TIME STEPS &
CRaaBL88L828542024022582282285228282222522282022288250280208002212

NRAD = 2
IF (MODINT,NRAD).NE.O) GOTO 4000
CALL RADHT(TGHRALL,VFMXC)

4000 CONTINUE

("2 2222222224 LAZ2 22222222222 2222222222 2222 2222222222272 2 2] ARRPRTESES L 2

C CALCULATE THE TEMPERATURE
CRRERRERRR TR RCEERATERURIRTERTRRZEETRLLERTRATARERARIUEIRBRSTRERRAS
CALL CALT

CRBRBER22 2222202220 88R522242222224222228223222282802400248048821L2
< CALCULATE THE SMOKE CONCENTRATION &
CR8R8232088328232828885228522888283845480 803 20022200 28888022088
c CALL CALC

DO 2000 J=1,NJP1
DO 2000 I=1,NIPl
DO 2000 K=1,NKP1
IFITII,JHK).LT.TCOOL) T(I,J,K}=TCOOL
2000 CONTINUE
ChRLLLLLLLLTLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLIL LT L L LLLEL L L L LT,
o LOSLE PRESSURE CORRECTICN FOR ENCLOSED TANK AIR Z

CALL GLO3E

C3333399333993333332393393922333323932323999393232929993999999993d

c CALCULATE THE TURBULEMT VISCOSITY AND CONDUCTIVITY ?

C33332379333939999933399299339933393992223933233939D0933DID
CALL CALVIS

69596 260654 9060669536096 J8 36 06 96 3¢ 363696 96 36 3636 3638 2696 36 36 3636 6 06 630 J 03 .36 3636 56 260 JEHE FEIE 3636 36 36966 9696 36 36
< CALCULATE THE DENSITY *
T30 38 2630 390 36 3963636 3e 363636 De 36696 3 3636 36 36 J6 36 2 36 3636 3 2063636 3696 36 1636 963636 36 9636 S-HEHHE HIE I 6.6 H- 36 96 JE 90
CO 100 J=1,NJP1
CC 100 I=1,NIP1
00 100 K=1,NrP1
IF (NOD(1,J,K).EQ.1) GOTO 100
AAAAZBUDY#UGRT#HEIGHT(I,J,K )
R(I,J,F IZ(UGRTXPII,J,K)+11./EXPLAAARA) ) I/T(I,J,K)
100 CONTINUE

CSe P88 88655056558558555855558555555555588085855655888598658588588

c CORRECT COMNDUCTIVITY OF THE SOLID $

0850000808000 0055055505586555055559858355585585885565568855¢$
IF (NCHIP.EQ.O0) GOTO 410
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00016200
00016300
00016400
CC016500
0C0le600
00016700
00016800
00016900
00017000
00017100
00017200
00017300
00017400
00017500
00017600
00017700
00017800
00017900
00018000
00018100
00018200
000183200
00018400
00018500
00018600
00018700
00018800
00018900
00019000
00019100
00019200
003019300
00015400
00019500
00019000
00012700
00019800
00019500
00020000
00220100
00020200
00020300
00020400
000205C0
00020600
00020700
00020800
00020900
00021000
00021100
00021200
00021300
000621400
00021500
00021600




CALL SOLCON
410 CONTINUE

c START PRESSURE CORRECTION ITERATIVE LOOP, IT IS THE MAJOR %
C PART OF THE ERROR CONTROL ROUTINE 4
CLLLLLLLLLLLILLLLLLLLLLLLL L LGS L LLLLLLLLLLLLLLLLLLL L LLLLLL LA LLLL L,

ITER=ITER+]

£392322292923333333993293292239933392339293933933993933993993933939
< CALCULATE THE VELOCITY U,V,AND W °®
€333333939339303333923999999200999933923002039332099393322999999

CALL CALU

cc CALL STRESS

T W FIEFENIIM SN
CALL CALY

cC CALL STRESS

C P33 6363623636 3696 3¢ 26 36 e M3
CALL CALW

cc CALL STRESS

T 3363 2636363636 363636 26 34 3 36 36 36

A 1 D A A L A A A L A A A T A 1
C CALCULATE THE PRESSURE AND STRESS &
S8 8 5000858588850 085580555555855555558555555555585568888858888

CALL CALP
CALL STRESS

c IF SOURCE TERM IS LARGER THAN 10.0, STOP PROGRAM /4
CLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L LLLLLLLL LS LLLLLLLLLLLLLLL L LYY,
IF (RESORIMITER)I.GT.10.0) GOTO 2020

IF(RESORM(ITER) .LE. SORMAX) GO TO 49
IF(ITER .EQ. 1) GO TO 302
ITERM1=ITER-1
IF(PESCRM{ITER) .LE. RESORMIITERM1)) GO TO 302
GO TC 304
302 IFUJTERM .GE. 2) GO TO 37
COURCE=RESCRMIITER)
€C TO 3¢
37 IF(RESOPMUITER) .LE. SOURCE) GO TO 38
GO TO 304
38 SCURCE=RESORMIITER)
39 CONTINUE
WRITE(6,95) ITER,RESORM(ITER }»SORSUM
95 FORMAT(53X, 'ITER=',12,2X, ‘SOURCE=',F9.6,2X, 'SORMUP="',F9.6]
DO 23 K=1,NXPl
D0 23 J=1,NJPl
DO 23 I=1,NIPl
TPDII,J5K)=T(I,J4,K}
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00021700
00021800
00021900
0002.000
00022100
00022200
00022300
00022400
00022500
00022600
060022700
00022800
00022500
00023000
00023100
00023260
00023300
00023400
00023500
00023600
00023700
00023800
00023900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700
00024800
00024900
00025000
00025100
00025200
060025300
00025400
00025500
00025600
00023700
00025800
00025900
00026000
00020100
00020200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100




35

58

304

41

40

43

@9

CPDLI J,K)=ClIJd,K)
RPOLI,J,KIZRII,J,K)
UPDII,J,K)=Ut1,J,K)
VPO I, J,KIsVII,JHK)
WPDI{I,J),K)I=H{I,J,K)
PPDII,J,KI=P(I,J,K)
CONTINUE

JJITERM=0

IF(ITER .EQ. ITMAX)
IF(JTERM .EQ. 2) GO

GO TO 49
T0 35

IF(ITER .EQ. 4) GO TO 29

CONTINVE
IF(JTERM .EQ. 3) GO

TO 58

IF(ITER .EQ. 7) GO TO 29

CONTINUE
JJTERM=0
GO TO 301
CONTINUE
JITERM=JJITERM+1

IFIJJUTERM .EQ. 1) WRITE(6,95) ITER,RESORMIITER),SORSUM

IFIJTERM .EQ. 1) GO TO 41

IFCJTERM .EQ. 2 .AND. JJUTERM .EQ. 1 .AND. ITER .NE. 5) GO TO 41

GO TC 82

CONTINUE

DO 40 K=1,NKP1

CO 40 J=1,NJP1

CO 40 I=1,NIP1
RII,J,KI=RPDII,J,K)
ULI,J,K)=UPDII,4,K)
V(I’J,K ,=VPD(I)J,K1
KRIIsJyKI1=HPD(I,J,K)
P(I,Jd,K)1=PPD(I,J,K)
CONTINUE

IFCITER .EQ. ITMAX)
GO TO 29

CONTINUE

DO 43 K=1,NKP1

D0 43 J=1,HJP1

CO 43 I=1,NIP1
T(I,J,K)1=TPD(I,J,K)
CUI>Jd,KI=CPD(I,J,K)
REI,J,K IERPDII 2d,K)
U(I,Jd,K)=UPDII,J,K)
VII»JdsKISVPDII UK
HIL,Jd,K)2RPDII,J,K)
PLI,J,KI1=PEDI],J,K)
CONTINUE

JFLITER .EQ. TTMAX)

IFC(JTERM ,EQ. 3 .AND. ITER .NE. 8) .OR.

G2 TO 301
CONTINUE

ITERT=ITERT+ITER

GC TO 49

GO TO 49

JJUTERM .EQ. 2) GO TO 49

CERERRARCATURRERIRREARSUARTERRRIBARAERRATERRSRESRRTILLLRTRENEESSS

c

GO TO THE PRESSURE TRACKING SUBROUTINE

126

»PRINT OUT

00027200
00027300
00027400
00027500
00027600
00027700
00027800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
00029800
00029900
00030000
0002C100
00030200
00020300
00030400
00030500
00030600
00030700
000320800
00030900
00031000
00021100
00C31200
00031300
00031400
00031500
000315090
00021700
00031800
00031900
00032000
00032100
00032200
00032300
00032400
00032500
00032600




C RESULTS If AT THE RIGHT TIME INTERVAL s 60032700

[ 2222222222227 t 2221222 1222222222222 222222222222 222723 L2222 g2 222 22 20 00032800
00032900
CALL PTRACK 00032000
IF (MODINTREAL,NWRP).EQ.0) CALL OUT(1) 00033100
00033200
CLLLLLLLLELLLLLLLLLLLL LI LLLLLLLLLLLLLLL LS L LLLLLLLLLLLL LA LS LA AT 00033300
c FIND TEMPERATURES AT THERMOCOUPLE POINTS AND PRINT OUT 7 00033400
c IF AT THE RIGHT TIME INTERVAL Z 00033500
CALLLLLL LLLLLLLALLLLLLLLLLLLLLLRLLLILILLLLLLLLLLLLSLL LS LRSS LA S LS, 00033600
00033700
CALL TCP 00033800
IF (MOD(NTREAL,NWRP).EQ.Q) CALL OUT(2) 00033900
2422 CONTIMNUE 00034000
IF (MODINTREAL,NWRITE).€EQ.0) CALL OUT(3) 00034100
c IF(NTREAL .EQ. NTREAL/NMRITE#NWRITE )} CALL OUT(3) 00034200
505 CONTINUE 00034300
IFC(XTIME+DTIME*H/UO) .GE. TMAX) GO TO 277 00034400
00034500
336 FEIEIEIEIEITEIE 3 3 3 16 30 306 M HHHHHEHEEEHEHEHHH HEHHEL R HHHEHHHE 00034600
ol CALL TLEFT(IT) 00034700
C 123 FORMATU(' ITLEFT = *,I10) 00034800
[ I1T0=1IT 00034900
C IFCIT.LT.ITLEFT) CALL OUT(3) 00035000
(o Ty g T T2 T T Ty 2 A R A et T Yoy 00035100
00035200
00035300
C e RESET THE OLD TIME VALUES TOD, ROD, UCD, VOD AND PQOD. 00035400
00035500
DO 305 K=1,N¥P1 00035600
00 305 J=1,NJP1 00035700
DO 305 I=1,NIP1 00025800
TODI(I,J,K)=T(1,J,K) 00025900
CODII,J,K1=201T,J,K) 00036000
ROD(I,J,K)IZR(I,J,K) 00036100
UDDI1,4,K1=U(1,J,K) 00036200
VOD(ZI,J,K1=VvII,J,K) 00036300
HODI(I ,J, K= I,J,K) 00036400
PODII,,J,KI=P(I,J,K) 00036500
305 CONTINUE 00C30600
C00236700
(S RN R A R R R A RN A R R RN RN AR RN RN R R R RN DR NRRARRAA AR 00036800
C THIS WRITING IS FOR PLOTTINGS | 00025900
R RN R A R RN R R AR R R RN R R AR R R R R R R RN AR RN R R AR RN RN 00037000
IFtNTREAL .NE. NTREAL/NTAPE*NTAPE iGOTD 522 00037100
IWRITE=10 00037200
KWRITE{IWRITE) 00037300
& TIME,NTREAL.T,R,U,V,H,P,CPM,COND,VIS,QRNET,ITERT ,QCORRT ,PM1,PM2, 00037400
& H,TA,U0,CONDO,VISO,RHOO NI ,NJNK,NIPL,NJPL NKPL,NINML,NJML1,NKM1, 00037500
& XC,YC,2C,XS,YS,25,DXXC,DYYC,DZ2C ,DXXS,DYYS,02ZS 00037600
WRITE(G6,%) 'THE TIME WHEN THE DATA WAS STORED ON TAPE IS:', 00037700
& XTIME 00037800
00037900
T 3363 JIEIIIII I ITIEI I I TN I I H T I J-0E 1636 I 3t 00038000
00038100
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c

C
c
c
c

c

c

x 0O

X K &k k K X X kK kX X ¥ k k %X k X X

00028200

522 CONTINUE 00038300
00038400

FEIIE I I I T I TETEIEIE T TE T IE DI I TN FEIE T JEIE D630 3636 606 I 36 T J6 06 36 9t 00038500
CALL TLEFT(IT) 00028600
IF(IT.LY.ITLEFT) GO TO 166 00038700

T T U 6D Fe FETE T FETE I WIIETEIEIETe JE I 7% T 36T T 6 3636 3636 36 FETIEIETE A6 3 I3 309963 SHIEIEIE -6 HIEIEIEIE 00038800
TIMREM IS USED TO CALCULATE THE CPU TIME REMAINING AT NPS 00038900
00039000

IF (TIMREM(O,).LE.80.) GOTO 166 00039100
00039200

G0 TO 300 00039300

303 CONTIMNUE 00039400
277 CONTINUE 00039500
00029600

WRITE(6,1111) 00039700
1111 FORMAT(2X, 'sesnax THE MAXIMUM TIME HAS BEEN REACHED #swex',18) 00039800
GO TO 172 00029900
00040000

FEIEIE DI I I NTEIIEIIE I I TN IEIEIEIE T IE6-36-36- 6 23606 FEIE D6 JIE TN T T 6 ST 36 00040100
166 IF(NTREAL .NE. NTREAL/NTAPE=NTAPE) WRITE(9) 00040200
& TIME,NTREAL,T,R,U,V,H,P,CPM,COND,VIS,QRNET ,ITERT ,QCORRT ,PM1,PM2, 00040300

& H,TA,U0,CONDO,VISO,RHO0,NI NI NK,NIPL,NJPL,NXP1,NIML,NJM1,NKM1, 00040400

& XC,YC,2C,XS,Y3,25,D%XXC,DYYC,D2ZC,DX%S,DYYS,D22S 00040500
RERIND 9 00040600

FEII PN I I B I I HI R IHE I NI I JE I 00040700
00040800

G0TO 172 00040900
2029 CONTINUE 00041000
WRITE (6,%) * RESIDUAL MASS IS LARGER THAN 10.0, PROGRAM STOPS' 00041100

172 CONTINUE 00041200
sSTOP 00041300

END 00041400
00041500

00041600

00041700

36 e FIE I 36 6 $e 76 336 34 3 W96 36 JEEIE 6 36 FIEI I T 96 36 36 JHI6 36 3636 36 - I6 H-36 J I 336 JEIE T I8 96 94 J 36 3 et Jede e e aeae e 00061800
SUBROUTINE INPUT 00041900

FEIEI 66 A 3 3 396 263 36 FIETE 3636 T JE TN JHIE T JEIEIE I 363636 36963636 JEIEIEIEI-IE 6 I I6-I6 36 36 676 J6- 36 JIE6 96 3 96 3 3 M e e 00042000
THIS SUBROUTINE SETS UP REQUIRED VALUES TO BEGIN THE PROGRAM. #00042100
VARIABLES AREZ: #00042200
KRUN = HHEN EQUAL TO ONE,READ FROM THE *#00042300

REISTART DISK, ELSE FRCM THE JCL #00042400

HCHIP = NUMBER OF SOLID PIECES *#00042500.

NiiRP = NUMRER OF TIME STEPS TO WRITE ON THE 09062600

PAPER #00042700

NTHCO = NUMBER OF THERMCCOUPLES TO PRINT OUT #%00042800

TMAX = MAMIMUM TIME ALLOWED (REAL) #00042900

TWRITE = SECONDS IMN REAL TIME TO PRINT THE #00043000

P,v,T FIELDS ON PAPER #00042100

TTAPE = TIME INTERVAL TO WRITE ON THE TAPE #00043200

DTIME = TIME STEP (DIMENSIONLESS) #00043300

HSZ = HEAT SOURCE SIZE, USED TO CALCULATE %#00043400

THE VOLUME OF THE FIRE CELL #00043500

ICHPB = FIRST SOLID NODE IN THETA DIRECTION #00043600
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» JCHPB
* KCHPB
* NCHPI
* NCHPJ
* MNCHPK
»

CX,CY,C2Z

FIRST SOLID NODE IN R DIRECTION

FIRST SOLID NODE IN PHI DIRECTION
NUMBER OF NODCES IN THETA DIRECTION

NMBER OF NODES IN R DIRECTION

NUMSER OF NODES IN PHI DIRECTION

#00043700
#00043800
%0004390C
#00044000
#00044100

THERMOCOUPLE POSITIONS IN THETA,R,PHI #000%4200
2T D2 FI N T I T I ¥ A FIEFIETE K P N T I I 3 FEIEIEIe 3959696 I I I STk I I et I e St 0 0049 300

COMMON/R4/XC(93),YC(93),ZC(93),%5(93),Y5193),25(93),

s DXXCt 93 1,DYYC(93),DZZC(93},DXXS193),0YYS(93),D0225(93)

COMMON/BL1/DX,DY ,0Z,VOL »DTIME ,VOLDT, THOT, TCOOL ,PI,Q,QR
COMMON/BL7/NI 5NIP1,NIM1,NJ,NJPL,NJML ,NK,NKP) ,NKM1

3 HNIP2,NJP2,NKP2,NA,NAP],NAM]L,NB,NBP1,NBM1 ,KRUN,NCHIP ,NJRA ,NHRP

COMMON/BL12/ NHRITE ,NTAPE ;NTMAXO ,NTREAL , TIME ,SORSUM,ITER
COMMON/BL14/HCOEF , TINF ,CNT , ABTURB ,BTURB , VISL , VISMAX ,QCORRT , PM1 ,PM200045100
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT ,U0 ,H,UGRT ,BUOY ,00045200
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP,TWRITE, TTAPE , TMAX,CC,RAIR00045300

00044400
00044500
00044600
00044700
00044800
00044900
00045000

COMMON/BL20/SIG11(22,16,32),5IG12(22,16,32),S1G22€22+16,32) 00045400
& »S16G13(22,16,32),51623122,16,32),51633(22,16,321 00045500
COMMON/BL22/ICHPEB( 10} ,NCHPI{(10),JCHPB( 10 ),NCHPJL10),KCHPB(10), 00045600
2 NCHPK(10),TCHP(101,CPS(10),CONS(10),WFANI10) 00045700
COMMON/BL31/ TOD(22,16,32),ROD(22,16,32),P0D(22,16,32) 00045800
3 »COD122,16,324,U00122,16,32),V0D(22,16,32),W0D(22,16,32) 00045900
COMMON/BL32/ T(22,16,32),R(22,16,32),P122,16,32) 00046000
& »C1022,16,32),U022,10,32),V(22,16,32),KH(22,16,32) 00045100
COMMON/BL33/ TPD122,16,32),RPD(22,16,32),PPD(22,16,32) 00046200
2 »CPDI22,16,32),UPDE2C,16,32),VPD(22,16,32),NPD122,16,32) 00046300
COMMON/BL34/ HEIGHT(22,16,32),REQ122,16,32), 00046400
& SMP(22,16,321,SMPP(22,16,32),PP(22,16,32), 00046500
] DU(22,16,32),DV(22,16,32),DH(22,16,32) 00046600
COMMON/BL36/AP(22,16,32),AE(22,16,32),AH(22,16,32),AN(22,16,32), 00046700
] AS(22,16,32),AF122,16,321,AB122,16,32), 00046800
3 SP122,105321,3U122,16,32),RI(22,16,32) 00046900
COMMON/BL37/ VISI22,10,32),C0ND(22,16,32),N0D122,16,32),RHALL(579)00047000
& sCPM122,16,32),HS2(3,2),NH52122,16,321,RESORM( 93 ) 00047100
COMMON/BL38/NTHCO,CX(123,CY(12),C2(12),NTH{12,3),TCOUP{12) 00047200
00047300
00047400
C #1. READ IN DATA TO INDICATE EITHER KRUN=0 OR 1 00047500
READ(5,%) KRUM,NCHIP ,NHWRP,NTHCO 00047000
00047700
C $2. READ IN DATA SET 1 - 6 DATA 00047800
READ(5,%) TMAX,TWRITE,TTAPE,DTIME 00047900
00048000
C #3. READ IN DATA FOPR HEAT SOURCE 00048100
0004€200
READ (5,%) HSZ(1,1),HSZ(1,2),H32(2,1),HS2(2,2),HS2(3,1),HSZ(3,2) 00048300
WRITE(6,20) H3Z(1,1),HSZ(1,21,HS212,11,H5Z212,2),HS213,11,HSZ(32,2) 00048400
20 FORMAT t/,20X,'HEAT SOURCE LOCATION 1S IN THE VOLUNME (NON-DIME', 00048500
& ‘NSICHAL WITH RESPECT TO RADIUS)', 00048000
& /5%, FROM ',F8.4,' TO °',F8.4,' IN X-DIRECTION', 00048700
4 /sSX,'FROM *',F8.4,' TO ',F8.4,' IN Y-DIRECTION', 00048800
& /25X, 'FROM ',F8.4,*' TO *',FE%A,* 1IN Z2-DIRECTION',/) 00048900
00049000
00049100
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C #4. READ IN DECK DATA

IF (NCHIP.EQ.O0) GOTO 1lé
PRINT #
PRINT #,* THE REGION BOUNDED BY SOLID'
DO 19 N=],NCHIP
READ (5,%) ICHPB(N),NCHPI{N),JCHPB8(N),NCHPJINI,KCHPB(NI,
] NCHPKIN),TCHPIN I} ,CPSIN),CONSIN),HFANIN)
WRITE (6,103 N,ICHPB(N),NCHPI(N),JCHPBIN),NCHPJI(N),KCHPBIN),
& NCHPK(N),TCHP (N },CPS(N J ,WFANIN } ,CONS(N 1
10 FORMAT (2X,'N= ',I2,' ICHPB= ',I2,' NCHPI= ',I2, ' JCHPB= ',12,
&' NCHPJ= ',I2, * KCHPB= ',I12,' NCHPK= ',I2, ' TCHP= ',F8.5,
&' CPS= ',F8.5,/, ' WFAN = ',F12.5,' CONS= *,F12.5,/}
19 CONTINUE
16 CONTINUE

C %5, INPUT THERMOCOUPLE COORDINATE
c IN TERMS OF X(THETA), Y(RADIUS),Z(PHI}

PRINT »
PRINT %, * THERMOCOUPLE POSITION IN TERMS OF THETA, R, PHI'
PRINT %
DO 110 I=1,NTHCO
READ (5,#) CX(I1,CY(I},C2(I)
WRITE (6,%) I, CX(I),CY(I),CZ(I)
110 CONTINUVE

RETURN
END

c

00049200
00049300
00049400
00049500
00049600
00049700
00049800
00049900
00050000
00050100
00050200
00050300
00050400
00050500
00050600
00050700
00050800
00050900
00051000
00051100
00051200
00051300
00051400
00051500
00051600
00051700
00051800
00051900
00052000
00052100
00052200
00052300
00052400

€ FRA FEIEI I I6 366 0 33 1663636 6J6 T 33 36 36 33636 I8 7036 336 2 I3 76 IHTE-I4- 98 7 6 FEIIEIE I I HHE NI I et 00052500

SUBROUTINE INIT

00052600

C I 63638 36362626 304 T T J-HEIE 2 26ITEE- T34 96 36 3 FEUT6FEIEIEIEI6 I 36 JE-1E 9636 3 JEIEIEIEIE I JSHIEIE NI I e % % 00052700
5 36 266363636 36 36 3636 3636 383636 36 3 3436 J36-36 36 3636 36 3635 3 6 363036 3¢ 3 36 3696 3 36 36 I I-36 36 J-P6 I 36 2 3 J36 4 J-9 Fe9 e 26 S a3 e e 00052800

* THIS SUBROUTINE INITIALIZES THE FIELD AND CONSTANTS WITH RESPECT
* TO INITIAL START OR RESTARTING CAPABILITY.

* VARIABLES ARE :

* TIME = DIMENSIOHLESS TIME

* ug = CHARACTERISTIC VELOCITY (1 FT/SEC)

* H = CHARACTERISTIC LENGTH (RADIUS(9.6FT))
* TR = TEMP IN DEGREES KELVIN

* TA = TEMP IN DEGREES RANXINE

* Vv1s0 =z REFERENCE VISCOSITY (NONDIM)

* VIsL = MINIMUM VISCOSITY (NOHDIM)

»* VISMAX = MAXIMUM VISCOSITY (NONOIM)

* HR = RADIUS IN CM

* CONDO = REFERENCE CONDUCTIVITY

* co = INITIAL SMOKE CONCENTRATION

* NJRA = POINT OF RADIATION IN J DIRECTION

* LOCATED ON THE INNER SOLID BOUNDARY

* HCONV = HEAT TRANSFER COEFFICIENT

* HCOEF = DIMENSIONLESS HEAT TRANSFER COEF
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#00052900
#00053000
#00053100
%00053200
*00053300
#00053400
*#00C52500
#00053600
#00053700
*00053800
*#00053°00
#00054000
#00054100
#00054200
#00054300
#00054400
#00054500
#00054600




-k kLS -

X CONST1 = USED TO NONDIMENSIONALIZE PRESSURE #00054700
* RHOO = REFERENCE DENSITY #00054800
»* 6C = GRAVITY CONSTANT #00054900
* BLOY = BUOYANTY FORCE CONSTANT #00055000
* UGRT s PERFECT GAS LAW NONDIMEMSIONAL CONSTANT#*00055100
»* cpPO = REFERENCE SPECIFIC HEAT #00055200
» NARITE/ s NONDIMENSIONAL FORMS OF TWRITE AND #00055300
* NTAPE TTAPE #00055400
* MATRICES OF THE FORM #00055500
* _0Do z DIMENSIONLESS PARAMETER AT OLD TIME #00055600
* - = DIMENSIONLESS PARAMETER #00055700
* _PD = UPDATED DIMENSIONLESS PARAMETER #00055800
* WHERE THE PARAMETERS ARE #00055900
* U,V W = VELOCITY IN THETA, R , PHI DIRECTION #00056000
» T,P,C = TEMP, PRESSURE, AND SMOKE CONCENTRATION®*00056100
»* #00056200
» DU,DV,D2 = USED IN PRESSURE CORRECTION SUBROUTINE #0005630C
* PP 2 CORRECTED PRESSURE (P') #00056400
* Su = SOURCE TERM #00056500
* SP = TERM AT P NODAL POINT FOR BOUNDARY #00056600
* CONDITIONS #00056700
* AP = COSFICIENT AT NODAL POINT #00056800
»* AE ; AW, AN = COEFICIENTS AT PTS EAST,WEST,NORTH, #00050900
* AS,AF,AB SCUTH, FROMT, AND BACK #00057000
»* SMP = RESIDUAL MASS SUMMATION OF NODAL POINT #00057100
* SMPP = LENGTH SCALE FOR TURBULENCE #00057200
* CPM = MEAN SPECIFIC HMEAT %#00057300
»* vis = VISCOSITY #00057400
* COND = CONDUCTIVITY MATRIX #00057500
* NHSZ 2 WHEN THIS VALUE EQUALS ZERO, THERE IS #00057600
* NO HEAT SOURCE LOCATED AT THE NODE #00057700
* NOD = IF EQUAL TO ZERO, LIGUID #00057800
»* IF EQUAL TO ONE, SOLID #00057900
»* B, _E = BEGINNING AND ENDING NODAL POINT FOR #00058000
* THE SOLID IN I,J,K *#00058100
* REQ = CENSITY AT EQUILIBRIUM #00058200
* NIP1 = NODAL POINT It I PLUS 1 (OTHERS SIMILAR00058300
* XC,YC,2ZC = THETA,R,PHI LOCATION OF NODAL POINT OF %00055400
»* A CENTER CELL #Q0C58500
* DXXC,DYYC = LENGTH AROUND THE CENTER CELL *#00056600
* pzz< #00058700
* X3,Y5,28 = THETA,R,PHI LOCATION OF NODAL POINT OF #00G55800
* A STAGGERED CELL #00058900
» DX¥3,DYYS = LENGTH AROUND THE STAGGERED CELL *#0005<000
* DZZs #00059100
%* CX,CY,C2 = LOCATION OF THERMOCOUPLE IN THETA,R,PHI*00059200
FEI6 T I 5 3636 I JI6 T 3 6 JE I 38 I3 J636-J6- 6 J6 J6-96-36 36 363606 630 638 36 ¢ 36 3536 306 63 36 Je 36 3 I 43050 38 I3 3 36 9 36 I 6% % % 00059300

COMMON/R4/¥»C193),YC(93),2C1931,X5(93),Y5093),25193), 0005%400

] DX¥C(93),DYYC(931,D2ZC(93),DXXS(53),0YY¥5193),0225(93) 00059500

COMMON/BLL/DX,DY,02Z,VOL ,DTIME,VOLOT,THOT,TCOOL,P1,Q,QR 00059600

COMMON/BL7/NRI ,NIPL,NIM1 ,NJ,NIPL,NJML NK ,NKP1 ,NKM1 00059700

& HNIP2,NJUP2,MNKP2,NA,NAPL1,NAM1,N3,NBP1,NBM1,KRUN,HCHIP,NJRA,NHRP 00059800

COMION/BL12/ NWRITE ,NTAPE ,NTMAXO,NTREAL ,TIME ,SORSUM,ITER 00059900

COMMON/BL14/HCOEF , TINF ,CNT , ABTURB ,BTURE , VISL , VISMAX ,QCORRT ,PM1,PM200060000
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4»CONST6,NT,U0,H,UGRT ,BUOY ,00060100
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C *ux

& CPO,PRT,CONDO,VISO,RHO0,HR,TR,TA,DTEMP ,TNRITE , TTAPE ,TMAX,GC ,RAIR00060200
COMMON/BL20/SIGL1(22,16,32),51612122,16,32),516G22122,16,32)

8 »SIG131224,16,32),81623(22,16,32),51623(22,10,32)
COMMON/BL22/ICHPB( 10 ) ,NCHPI(10),JCHPB(10),NCHPJ(101,KCHPBL10),
1 NCHPK110)},TCHP(10 1,CPS{10),CONS(10),WFANIL0)
COMMON/BL3Y/ TOD(22,16,32),ROD(22,16,32),POD(22,16,321

F sC0DI122,10532),U00122,16,32),VOD122,16,32),N0D122,16,32)
COMMON/BL3Z/ Ti2e1»10,321,R122,00,32:,P122,16,32)

1 »C122,16,32),U(22,16,32),V(22,16,32),W(22,16,32)
COMMON/BL33/ TPD(22,16,32),RPD(22,16,32},PPD{22,20,32)

] »CPD122,16,32),UPD(22,16,32},VPD(22,16,32),WPD(22,16,32)
COMMON/BL34/ HEIGHT(22,16,32),REQL22,16,32),

3 SM2(22,16,32),SMPP(22,16,32),PP(22,16,32},

1 DUt22,16,32),0V(22,16,32),DH(22,16,32)

COMMON/BL36/AP122,16,32),AE(22,16,32),AK122,16,32),AN(22,16,32),

AS(22,16,32),AF(22,16,32",AB122,16,32),

3 SP(22,16,32),5Ut22,16,32),RI(22,16,32)
COMMON/EL37/ VIS(122,16,32),COND(22,16,32),NOD(22,16,32),RHALL(579)00001900

»CPM(22,16,32),HS2(3,2),NHSZ122,16,32),RESORIL 93)
COMMON/BL38/NTHCO,CX(12),CY(12),C2112),NTHt12,3),TCOUP(12)
COMMON/BL29/ALEN , PCURVE , CONSRA , PCURM1 , PSOUTH , QCORR , PERROR

DATA GRAV/32.17/
INTRODUCE GIVEN PARAMETERS

TIME=0.
TR=TA/1.8
H=9.6
IS0=VIS0/UO/H
VISL=VISO
VISMAX=400,%VISL
HR=H#*30.48
CONDO=VISQ/PRT
PI=a . ®ATAN(1.)
ALEW = 1.0
HJRA=15

C THE KEAT TRANSFER COEFFICIENT IS IN BTU/HR/FT#%2/F

HCONV=15.0
HCOEF=HTONV/(13600 . #CPO*RHOO0*U0 )
¢t = 0.0

CONST1=RHOI*UO*UO/(GC*14G. 69621644, )
CONST3=1.8/TA

CONST4=H®30.48

CO'STo=UC*30.48

NTMAX0=0 '

BLOY =GRAV*H/{ UOXUO )

UGRT=U0*UG/ ( GC*RAIR*TA)

TCOOL=1.0

COHSRA=TAXTA*TA/( RHOO%CPO*U0%3600, )*1,714E~-9

WRITE(6,200) TR,CONDO,VISO,CPO,HR,DTIME ,HCONV

132

00060300
00060400
00060500
00000600
00060700
00000800
00060900
00061000
00061100
00061200
00061300
00061400
00061500
00061600
00061700
00061800

00062000
00062100
00062200
0006230C
00062400
00062500
00062600
00062700
00062800
00062900
00063000
00062160
00063200
00063300
00063400
00063500
00063600
00063700
00062800
03063900
00064000
00004100
00064200
00064300
00064400
00064500
00064600
00064700
00004800
00064900
00065000
00065100
00065200
00065300
00065400
00065500
00065600




200 FORMAT(5X, *‘THE REFRENCE TEMPERATURE AND THERMAL PROPERTIES',/,
/+8%, 'T = '4Fl0.4,'K, CONDO = *,El2.6,
/58X, 'VISO = ',E12.6,' cPO = ',El2.6,
/+»5%X,'RADIUS = ',El12.6," [ ol P
/5%, 'DTIME = *,E12.6,

/»5X, 'HCONY = *',E12.6,/)

0o Do e 08 B

NWRITE =TWRITE®UC/DTIME/H
NTAPE=TTAPE*UO/DTIME/H
C e PRINT OUT INPUT INFORMATION

WRITE{6,61) (STAR,I=1,90),KRUN,TMAX,THRITE , TTAPE ,NHRP

61 FORMATI///,9041,/,5%, 'KRUN =',12,/,5%,

& 'TMAX =',.FB8.3,' SECONDS',/5X, TWRITE =',F8.3,

i JLIONZTL,5X. 'TTAPE =',F8.3,' SECONDS®,
& /»>5X,' NUMBER INTERVALS OF WRITING ON PAPER

Lo S ed INITIALIZE VARIABLE FIELD

DO 220 J=1,NJP1
00 220 I=1,NIP1
D0 220 K=1,NKP1
ROO(I,J,K)=1.
R1I»J,K1}=1.
RPDII,J,K)=1.
uoDil,J,K)=0.
UlI,J,K1=0.
UPP(1,J,K 120,
VOB(I,J,K )20,
VII,JHK1=0.
VPDIZ.J»K)=0.
WiI,J5K)1=0.

WP T,.J,K )20,
HORII,J,K 120,
PCOLI,J,K)=0.
PiI,J,K)1=20,
PPDII,J,K1=20.
DUIl,J,K)=0.
DY(IsJd,rK =0,
Ui IsJrK =0,
SUII»Jd,K =0,
SPLI,Jd,K)=C,
PPLI,4,K1=0,
AP(1,J,K =0,
AWLIJ,K 120,
AE(I,J,K =0,
ANILI»d5K)=0, i
AStIJ,K =0,
AFL1,J,K)=0,
AB(I,J,K1=0.
SMPII,J,K)=0.
SHPPII,J,K)=0.
VIS(I,J,K}I=VISL
COND{I,J,K 1=CONDO
CPMII,J,K)=]1.0E0
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00065700
00065800
00065900
00066000
00066100
00006200
00006300
00066400
00066500
00066600
00066700
00066800
00066900
00067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
00068000
00068100
00068200
00068300
00068400
00068500
00068600
00068700
00068800
00068900
00069000
00069100
00069200
00009300
000¢ °300
0006.-10
00069600
00069700
00069800
00069500
00070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
00070800
00070900
00071000
00071100




v TOD!1,J.X1=1.0£0 00071200
b - T(I,J,K1=TOD(I,J,K) 00071300

y TPO(I,J,KI=TODLT, J,K) 00071400

- CO0(I,J,K1=CO 00071500

C1I,4,K12CODII5J,5K) 00071600

) CPDII,J,K)=COD(I,J,K) 00071700

NHSZ(I,J,K)=0 00971800

NOD(1,J,K)=0 00071900

220 CONTINUE 00072000

00072100

00072200

00072300

C #xx DETERMINE THE POSITION OF HEAY SOURCE 00072400

00072500

DO 300 I=2,NI 00072600

DO 300 J=2,NJ 00072700

00072800

C CHANGE TO RECTANGULAR COORDINATES 00072900

XX=YC(J)I*COSIXC(I)) 00073000

YYSYC(J IXSINIXC(I)) 00073100

00073200

C CHECK TO SEE IF IN HS CONTROL VOLUME, IF SO SET NHSZ2=1 00073300

IF (XX.LT.HSZt1,13.0R.XX.GT.HSZ2(1,23! GOTO 310 00073400

IF (YY.LT.HSZ2(2,1).0R.YY.GT.HSZ12,2)) GOTO 310 0007350(

NHSZ(I,J,16)=1 00073600

NHSZ(I,4,17}=1 00073700

315 FORMAT (2X,10(4X,14,2X,14)}) 00073800

GOTO 300 00073900

310 CONTINUE 00074000

300 CONTINUE 00074100

00074200

00074300

C % DEFINE THERMAL PROPERTIES OF DECK AND SOLID 00074400

00074500

IF (NCHIP.EQ.0) GOTO 410 00074600

DO 402 N=1,NCHIP 00074700

IB=ICHPBIN) 00074800

JE=IB+NCHPI(N}~-1 00374900

JE=JCHPBIN) 00075000

JE=JB4NCHPUIN -1 00075100

KB=KCHFBIN ¢ 006075200

KE=KB+HCHFKIN)=-1 060075300

DO 405 I=IB,IE-1 00075400

DO 4G5 J=uB,JE-1 00075500

DO 405 K=KB,KZ-1 00075600

COND(I,J,K )=CONDOXCONSIN) 00075700

CPMII,J.K)=CPOXCPS(N) 00075800

NOD(I,J,K)y=1" 0C075200

405 CONTINUE 006076600

402 CONTIMNUE 00076100

410 CONTINUE 60076200

00076300

00076400

00076500

C #x% FOR CONTINUING RUN, READ DATA FROM TAPE OR DISK 00076600
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00076700

IFIKRUN .EQ. 1) GO TO 9997 00076800

60 70 18 00076900
9997 READ(8,END=9998) 00077000

& TIME,NTMX0,70D,R0D,UOD,VOD ,WOD,POD,CPM,COND,VIS,QRNET ,ITERT ,QCOR00077100
EART,PM1L, PME XX s XX p XX 3 XX 3 XX s XX 3NI ,HJ ,NK ,NIP1,NJP]1 ,NKP1,NIM1 ,NJM] 00077200

& >NKM1,XC,YC,2C,XS,YS,2S,DXXC,0YYC,DZ2ZC ,0XX5,DYYS,022S 00077300
GO TO 9997 00077400
9998 CONTINUE 00077500
RENWIND 8 00077600
CLOSE (8) 00077700
WRITE! 6 ,% INTMAXO 00077800
15 CONTINUE 00077900
00078000
00078100
C n DEFINE HEIGHT OF NODE POINTS AND COMPUTE HYDROSTATIC 00078200
c EQUILIBRIUM DENSITY REQUI,4,K) 00078300
00078400
00078500
DO 13 K=1,NKP1 00078600
00 13 I=1,NIP1 00078700
0O 13 J=1,NJP1 00078800
DHY=YC(J)I%SINI(XC(I ) I=SINIZC(K)) 00078900
KEIGHT(I ,J,K J=DHY 00079000
13 CONTINUE 00079100
c 00079200
00 229 J=1,NJP1 00079300
DO 229 I=1,NIP1 00079400
DO 229 K=1,NKP1 00079500
AAAA=~BUOY*UGRTH*HEIGHT(I,J,K) 00079600
REQ(I,J,K)I=EXPtAAAA) 00079700
IF(KRUN .NE. O) GO TO 229 00079800
RPDUIJWKISREQII »JHK I/TPDII,J,K) 00079900
ROD(I,J,K I1=RPD(I,J,K) 00080000
RII>JHsKIZRPDII,J,K) 00080100
229 CONTINUE 00080200
00080300
C w%x INITIALIZE U,V,T,R,P FIELD 00080400
00080500
DO 210 K=1,NXP1 Go0E0600
DO 210 J=1.NJP] 00050700
0O 210 I=1,NIP1 00020800
TiI,JsKI1=TOD(IJ4K) 00080900
ClI,J,KI=COD(I,U,K) 00031000
RUZI,J,K1ZRID(TI,J,K) 000€1100
LiI,J,KIsU0D(I,J,K) 000£1200
VII,JsK1=VODII,J,K) 00081300
W(1,J,K)I=HODIT J,K) 00081400
PII,J,K1=PODII,J,5K) 00081500
210 CONTINUE 00081600
00081700
C i FOLLOWING IS FOR DETERMINING THE THERMOCOUPLE POSITIONS 00051800
00081900
DO 5000 N=1,NTHCO 00082000
DO 5001 I=1,NIPl 00082100
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IF (XC(XI).LT.CXIN).AND.XC(1+1).GE.CX(N)) GOTO 5002
5001 CONTINUE
5002 II=I

00 5003 J=1,NJP1

IF (YC(JI.LT.CYIN).AND.YC(J+1).GE.CYI{N)} GOTO 5004
5003 CONTINUE
5004 JJzJ

DO 5005 K=1,NKP1

IF (ZCtK).LT.CZIN).AND.ZC(K+1).GE.CZ(N)) GOTO 5006
5005 CONTINUE
5006 KK=K

NTH{N,1)=I1

NTHIN,2)=JJ

NTH(N,3)=KK
5000 CONTINUE

RETURN
END

C
C 3 300N 36 9 I B F 95 2 TI I I FHE 6T 3 96 T FFETE I B 96 J6-06 3 J6 36 JEFP FETE FHE I 696 636 36 36 3 FeTe ¥t 96 90 96 36 3¢

SUBROUTINE CALVIS

C B3 JIFI IV IEN NI 636 I I TN I-NI6 36 I 966 I I IS SIS NI I 06 H60EJEI6IE 46069696 96
» THIS SUBRCUTINE CALCULATES THE TURBULENT VISCOSITY AND UPDATES*
* THE VISCOSITY MATRIX *
FEHHETEI T TN T KT T eI HEHIE I 26 FEIETEIEIE 2T 36 2 FEIIIEIEIE J NI FIIEIE 2 P I HIIE I3

COMMON/RG/XC(931},YCI193),2C193),XS(93),YS(93),25(93),
[ DXXC1931,DYYC193),D22C(93),DX"S193),0YYS(93),022S(93)
COMMON/BL7/NILNIPL,NIML,NJHUPL,NIML LN, NKPL , NKML

00082200
00082300
00082400
00082500
000€2600
00082700
00032800
00082900
00083000
00083100
00083200
00083300
00083400
00083500
00083600
00083700
00083800
00083900
00084000
00084100
00084200
00084300
00084400
00084500
00084600
00084700
00084800
00084900
00085000
00085100
00085200
00085300
00085400
Q00E5500

T HNIPZ,NJP2,NKP2,NA,NAPL,NAM]L,NB,NBP] ,NBM1 ,KRUN,NCHIP ,NJRA,NWRP 00085600
COMMON/BL14/HCOEF , TINF ,CNT ,ABTURB ,BTURB , VISL , VISMAX, QCORRT ,PM1 ,PM200085700
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,»CONSTo,NT ,U0,H,UGRT ,BUOY , 00085800

& CPO,PRT,CONDD,VISO,RHOO,HR,TR,TA,DTEMP,TRRITE , TTAPE , TMAX,GC ;RAIR00085900

COtMON/BL32/ T(22,16532),R122,16,32),P(22,16,32)

] »CL22,16,320,U122,16,323,V122,16,32),K(22,16,32)
COMMON/BL2ZG/ REIGHTIC2,10,32),REG(22,16,32 ),

& SMP122,16,32),SMPP12C,16,32),PP(22,15,32),

1 DUI22,16,321,0V(22,106,32),DW(22,16,232)

COMMON/BL3o/API22,10,321,AE(22,16,32),AW122,16,321,AN(22,16,32],
& AS(22,16,32),AF(122,16,32),A8122,16,32),
& SP122,16,32),5U122,16,32),RI122,16,32)

00086000
00086100
00086200
00086300
000£6400
00086500
00086600
000807060

COMMON/BL37/ .VIS(22,16,32),C0ND(122,16,32),N0D122,16,32),RHALLI579)00036800

& »CPM122,16,32),K52(3,2),NHSZ(22,16,32),RESORM( 93 )

C sxx CALCULATE LOCAL SHEAR AND VISCOSITY VIS(I,J,K)
c
C xx SPECIFY LOCAL TURBULENT LENGTH SCALES SMPP(I,J,K)

DO 611 K=2,NK
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00086900
00087000
00087100
00087200
00087300
00087400
00087500
00087600




KP2zK+2 00087700
KP1=zK+1 00087800
KM1=K~-1 C0087530
KM2=K-2 00088000

CO 611 J=2,NJ 00088100
JP2=Je2 00088200
JP1=J+1 00088300

1 JM1=J-1 00088400
JM2=J-2 00088500

DO 611 1I=2,NI 00088600
IP2=1+2 00088700
IP1=I+] 00088800
IM1=I-1 00088900
IM2=1-2 00089000

. IF (I.EQ.2) IM2=NIM1 00089100
IF (1.EQ.NI) IP2=3 00089200

IF (NODi(I,J,K).EQ.1) GOTO 611 00089300
00089400

[ CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00089500
00089600

. D¥P1=XL(IP1,J,K,0,0) 00089700
BXI =XL(I ,J,K,0,0) 00089800
D¥M1=XL(IM1,J,K,0,0) 00089900
0009C000

DYP1=YL(I,JP1,K,0,0) 00090100

DYJ =YL(I,J ,K,0,0) 00090200
DYM1=YL(I,JM1,K,0,0) 00090300
00090400

D2ZP1=21({I,J,KP1,0,0) 00090500

02K =2L1I,J,K ,0,0} 00090600
DZM1=2L(1,J,KM1,0,0) 00090700
000908060

cc IF (J.EQ.2) 0YS=DYS/2. 00020900
ccC IF (K.EQ.2) DZB=DZB/2. 00091060
IF (J.NE.NJ} GOTO 101 00091100
JP2=0P1 00091200
DYN=DYN/2, 0C091300

101 IF (K.NE.NK) GOTO 102 00091400
KP2=KPl 00091500
DZF=DZF/2. 00091600

102 CONTINUE 00021700
00021800

C %% CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T co091900
00022000

DXE =XL(IP1,J,K,0,1) 00092100

DXH =XLII ,4,K,0,1) 00092200
00092300

DYN =YL(I,JP1,K,0,2) 00092400

DYS =YLII,J ,K,0,2) 00092500
00092600

DZF =2L11,J,KP1,0,3) 00092700

DZ3 =ZL(1,J,K ,0,3) 00092800
00092900

C wwn CACULAYE DV/DX,D2V/DX2,DU/D¥,D2U/DX2,DH/DX AND D2W/DX2 00093000
00093100
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602

C %

6Cé

C wx

DUDX=tUIIPL,J,K)~ULI,J,K}I/DXI
DUDXW=0 . Ex(U(IPY,J,K}-UIMI,J,K})1/DXH
DUDXE=0.5#%(ULIP2,J,KI1-UtT ,J,K)]}/DXE
DZ2UDX2=( DUDXE -DUDXH ) /DXI

DVDXW20 . 5% (V(I,JP1,K}4V(I,J,K)-VIIML1,JP1,K)=-V(IML,J,K))/DXN
DVDXE=0.5%(VIIPL,JP1,K)+VIIPL,J,K)=-VII,JP1,K)-V(I,J,K]})/DXE
DVDX=0.5%{ DVDXE +DVDXNK )

D2VDX2= (DVIXE-DVDXHW)/DXI

DHDXW=0 . 5% (R(I,J,KP1 }4H(T,J,K)-KIIM1,J,KPL1)-H{IM1,J,K))/DXH
DWDXE=0.5#(K(IPL1,J,KPL)4HIIPL,J,K)-R(I,J,KPL)-H(I,J,K))/DXE
DHDX=0. 5% ({ DHDXE + DHDXKW)

D2KDX2= (DWDXE-DWDXK }/DXI

CONTINUE

CALCULATE DU/DY,D2U/DYZ,DV/DY,D2V/DY2,0W/DY AND D2W/DY2

DVDY=(VII,JPL,K)-VII,J,K))/DYI
DVDYS=0.5%(V(I,JP1,K)-V(I,JML,K))/0YS
DVDYN=0.5%{ V(] ,JP2,K)-VII,J K)I/DYN
D2vDY2=(DVDYN-DVDYS )/DYJ

DUBYS=0.5%(UIIP1,J,K)+U(1,J,K1-ULIP],JML.K)-UII,IM],K))/DYS
DUDYN=0.5#(UCIP1,JP1,K)I+U(I,JP1,K)-ULIPL1,J,KI1-UlI,J,K))/DYN
DUDY =0.5x{ DUDYN+DUDYS)

DZuUDY2= (DUDYN-DUDYS )/DYJ

ORDYS=0.5%#(H(I,J,KP1I4WII,J,K)I-HII,IM1,KP1 }-K(I,JM]1,K1}/DYS
DHOYN=Q . 5% LH(I,JP1,KP1)+W(I,JP1,K})-H(I,JrKPLl)-H(1,J,K)})/DYN
DHDY=0.5x{ DLDYN+DKDYS )

D2HCYZ2= (DWOYN-DKWDYS )/DYJ

CONTIIRE

CALCULATE DU/DZ,D2U/D22,DV/DZ,D2V/D2Z2,DH/DZ AND D2W/022
DRECZ=(KH(T,J,KPL)-KII,J,K})/02K
DHDZF=0.5% (W1 ,J,KP2Z I-HW(1,J,K ))/DZF

DHDZB=0.5%1KII,J,KPL)-HI]I,J,KM1))/DZB
D2KDZ22=( DHOZF ~DHDZB )/DZK

DVDZB=0.5%(VII,JPL,K)4VII,J,K1-ViI,JP1,KM1)~VI(I,J,KM1))/DZB
DVDZF=0.5%{V(I,JPL,KP1)¢V(I,J,KP1)-V(I,JPL,K}-VII,J,K))/DZF
DVDZ=0.5%( DVDZF +DVDZB )
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00093200
00093300
00093400
00093500
000293600
00093700
00093800
00093900
00094000
00094100
00094200
00094300
00094400
00094500
00094600
00094700
00094800
00094900
00095000
00095100
00095200
00095300
00095400
00095500
00095600
00095700
00095800
00095900
00096000
00096100
00096200
00096300
00096400
00096500
00096600
00096700
00096800
00096900
00097000
000297100
03097200
00097300
00097400
C0097500
00097600
00057700
00027800
00097200
00098000
00098100
00098200
00098300
00098400
00098500
00098600




D2vD22= (DVDZF-DVDZB )/0ZK

DUDZB=0,.5%(UCIP1,J,K)+U(I,J,K)=-UIIP]1,J,KM1)-K(I,J,KM1)}/DZB
DUDZF=0.5%(UIIP1,J,KP11+4Ut1,J,KP1)-U(IP1,J,K)-U(],J,K]}}/DZF
DUDZ=0.5%( DUDZF +DUDZB )

D2UDZ2= (DUDZF-DUDZB )/DZK

DRDX=((R(IP1,J,K)=REQ(IP1,J,K))-{R(IM1,J,K)-REQUIML,J,K)))/
& 1 DXE +DXW)

DRDY={ (R(I,JP1,K)-REQ(I,JP1,K})-(R(I,JML,K)-REQII JM1,K)))/
& (DYN+DYS)
DRDZ=((R!I,J,KP1)-REQ(X,J,KP1))-(R(I,J>KMLI-REQ(I,J,KM1)))/
3 {DZ2F+DZB)
DRDGA=SINIZC(K ) )%{ SIN(XC( I ) }%DRDY+COSt XC( I ) }%DRDX )

) +COS(ZC(K ) )%DRDZ

C CALCULATE RICHARDSON NUMBER
STRAIN=DUDY#%2 +DVDX3%2 ¢ DNDX%%2 +DVDZ3%2 4 DHDY %52 4 DUD 2% 2
DDO2 = SQRTIDUDY*DUDY +DUDX#DUDX+DUDZ*DUDZ +DVDY XDVDY +DVDX%DVDX ¢
& DVDZ*DVDZ+DRDX#DWHDX+DHDY *DWDY +DHDZ2%DKWDZ )
IFIDD0O2.EQ.0.)GO TO 600

C ex CALCULATE TURBULENT LENGTH SCALE SMPP(I,J)}

00098700
00098800
00098900
00099000
00092100
00029200
00099300
00099400
00099500
00099600
00099700
00099800
00099900
00100000
00100100
00100200
00100300
00100400
00100500
00100600
00100700
00100800
00100900
00101000
00101100
00101200

SMP123=SQRT(((U(IPL,J,KI+U(I,J,K ) )%0.5 19ex24((V(I,JPL,K14V(I,J,K}}®00101300

& 0.5 %24 (H(I,J,KPLI+W(I,J,K))*0.5)%%2)/D0D02
SMPP12=DD02 /SQRT(D2UDX2%D2UDX2+D2UDY2%DB2UDY2
& +D2UDZ2%DZUDZ2+D2VDX2x%D2VDX2+4D2VEY2%D2VDY2+4D2VD2Z2%D2VDZ2+
& D2HDZ2%D2ADZ2+D2HOX2%D2HDX2+DZKDY 2%D2KDY2)
SMPP(I,J,KI=CNT*{SMP1234SMPP12 1%.5
RI{I,J,K)=-BUDY*DRDGA/(R{I,J,KI*STRAIN)
ABRIPR=AETURB+4RI(I,J,K)/PRT
IFCABRIFR ,LT. 0.) GO TO 600
IFCABRIPR .EQ. 0.) GO TO 613
60 TO 610

600 VISI(I,J,K)=VISL
GO TO 611

613 VISII,J,K1=VISMAX
GO TO 611

610 VIS(I,J,KI=VISL4RII,J,KI%SMPP(I,J,K)%¥SMPP(I,J,K)I*SQRTISTRAIN)/
3 (BTURB#ABRIPR)
IFIVISII,JpK) BT, VISMAX) VIS(I,J,K)=VISMAX

611 COMTINUE

DO 110 I=),NIP]l
DO 110 J=1,NJP1
IS(I,J,NKP1)=VISII,J,NK)
VIS(I,Jd,1 )=VIS(I,J,2 )
110 COHTINUE

DO 120 J=1,NJP1
DO 120 K=1,NKP1

00101400
00101500
00101600
00101700
00101800
00101900
00102000
00102100
00102200
00102300
00162400
00102500
00102600
00102700
00102800
00102900
00102000
00103100
00103200
00103300
00103400
00103500
00103600
00103700
00103800
00103500
00104000
00104100




120

130

135

140

VISINIPL,J,K)=VIS(2,J,K)
vis(i »J 2K )SVISINI ,J,K)
CONTINUE

DO 130 K=1,NKP1

03 130 I=1,NIP1
VIS(IHNJPL,K 1=VIS(I,NJ,K}
vistI,2 sK)sVISI(I,3 ,K)
VIStI,l »K)sVIS(I,2 ,K)
CONTINUE

DO 135 K=1,16
KK=NKP1-K

DO 135 I=1,NIP1

D0 135 J=1,NJP1
VIS(I,J,KK}ZVIS(I,J,K)
CONTINUE

D0 140 I=1,NIPl

DO 140 J=1,NJP1

DO 140 K=1,NKP1

IF (NOO(I,JK).EQ.11 GOTO 140
COND(I,J,K)sVISII,J,K)/PRT
CONTINUE

RETURN
END

C wdex

C sexn

FEIEI NI I KT I IR FIE I NI NI T I I HI I I
SUBROUTINE CALT

FHIEIIEIEI I IEIEIEK I I I I3 6 TIEIEIIE I 6 D6 I I3 26 36 36 36 36T T3 36 HEIE I I I IEIEIEIETE M
COMMON/R4/XC(931,YC(93),2C(931,%XS(93),YS193),25(93),

& DXXC1931,DYYC{23),DZZC(93),DXX5193),DYYS(93),02ZS(93)

&

COMMON/BL1/0X,DY ,DZ,VOL ,DTIME ,VOLDT,THOT,TCOOL,PI,Q,3R
COMMON/BL7/NISNIPL ,NIML ;NJ,NJPL ,NJML ,NK,NKP1 ,NKM1

sNIPZ,NJIP2 ,NKP2 ,NA,NAPL,NAML N3 ,NBP1 ,N3M1 ,KRUN ;NCHIP ,NJRA , NHRP
COMMON/BL12/ NWRITE ,NTAPE ;NTMAXO ,NTREAL , TIME ,SORSUM,ITER

00104200
00104300
00104400
00104500
00104600
00104700
00104800
00104810
00104900
00105000
00105100
00105110
00105120
00105130
00105140
00105150
00105160
00105170
00105200
00105300
00105400
00105500
00105600
00105700
00105800
00105900
00106000
00106100
00106200
00106300
00106400
00106500
00106600
00106700
00106800
00106900
00107000
001G7100
00107200
00107300

COMMON/BL14/HCOEF , TINF ,CNT , ABTURB ,BTURB , VISL , VISMAX ,QCORRT ,PM1,PM200107400
COMMON/BL16/ CONST1,CONSTZ,CONST3,CONST4,CONST6,NT ,UD,H,UGRT ,BUOY ,00107500
& CPO,PRT,CONDG,VISO,RHOO,HR,TR, T4 ,DTEMP ,THRITE , TTAPE , TMAX ,GC ,RAIR00107600

COMIMON/BL22/ICHPB(10),NCHPI(10),JCHPB(10),NCHPJ(10)1,KCHPB(10),
NCHPK(10),TCHP{101,CPS110),CONS(10),KFANLL0)
COMMON/BL31/ TOD(22,16,32),R0OD122,16,321,P00122,16,32)
»C0D122,16,321),U00122,16,32),V00122,16,32),KH0D122,16,32)
COMMON/BL32/ T(22,10,32),R(22,16,32),P122,16,32)

2 »C1022,16,323,U122,16,323,V(22,16,32),W122,16,32)

2

COMMON/BL33/ TPD(22,16,32),RPD122,16,32),PPD122,16,32)
»CPD(22,16,32),UPD(122,16,32),VP0122,16,32),NPD(22,16,32)
COMMON/BL34/ HEIGHT(22,16,32),REQ(22,16,32),

& SMP(22,16,32),SMPP(22,16,32),PP122,16,32),

pUC22,16,32),0V(22,16,32),0W(22,16,32)
COMMON/BL36/AP(22,16,32),AE(22,16,32),AN122,16,32),AN(22,16,32),

00107700
00107800
00107900
00108000
00108100
00108200
00108300
00108400
00108500
00108600
06108700
00108800




& AS(22,16,32),AF122,16,32),AB122,16,32), 00108900
H SP122,16,32),5U122,16,32,R1(22,16,32) 00109000
COHNON/BL37/VIS122;16:32l,COND(22,16;32)»NOD(22.16;32);RN&LL(5791 00109100
) »CPM(22,16,32),HS2(3,2),NHSZ(22,16,32 ) ,RESORM( 93 ) 00109200
00109300

C e CALCULATE COEFFICIENTS 00109400
00109500

DO 100 K=2,NK 00109600
Kp2:=K+2 00109700
KP1=K+1 00109800
KM1=K-1 00109900
KM2:=K~2 00110000
£0 100 J=2,NJ 00110100
JP2zJ+2 00110200
JP1zJ4) 00110300
JM1=J~1 00110400
JM224-~2 00110500
DO 100 I=2,NI 00110600
IP2=1+2 00110700
IP1=I+1 00110800
IM1=I-~-1 00110900
IM2=1-2 00111000
IF (I.EQ.2) IM2=NIM1 00111100
IF (I.EQ.N1) IP2=3 00111200
00111300

c CENTRAL LENGTH OF THE TEMPERTURE CONTROL VOLUME 00111400
00111500

DXP1=¥L(IP1,J4,K,0,0) 00111600
DXI =XL(I ,J,K;0,0) 00111760
DXM1=XL(IM1,J,K,0,0) 00111800
00111900

DYP1=YL(I,JP1,K»0,0) 00112000
DYJ =YL(I>J ,K,0,0) 00112100
DYM1=YL(I,UM1,K,0,0) 00112200
00112300

0ZP1=2Lt1,J,%P1,0,0) 00112400
DZK =2L{I,J4,K ,0,0) 00112500
DZM1=ZL(1,4,KM1,0,0) 00112600
00112700

C xx SURFACE LENGTH OF THE CONTROL VOLUME 00112800
00112400

DXN=¥L(I,JP1 K»0,2) 00113000
DYS=XL{I,d  ,K,0,2) 00113100
D¥F=XL(1,J,KP1,0,3) 00113200
D¥3=XLII,J,K 50,3} 00113300
00113400

DYF=YL{I,J,KP1,0,3} 00112500
DYB=YLII,J,K ,0,3) 00113600
DYE=YL(IP1,J,K,0,1) 00113700
DYW=YLII ,J,K,0,1) 00113800
00113900

DZE=ZL(IP1,J,K,0,1) 00114000
DZR=ZL(I ,4,K,0,1) 00114100
DZN=ZL¢I,JP1,K,0,2) 00114200
D2S=2L(I,J ,K,0,2) 00114300
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00114400

C wen CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T 00114500
00114600

DXEEzXL(IP2,J,K,0,1) 00114700
DXE =XL(IP1,J,K,0,1) 00114800
DXW 3XLII  ,J,K,0,1) 00114900
DXWA=XL{IM1,J,K50,1) 00115000
00115100

DYNNzYL(I,JP2,K»,0,2) 00115200
DYN =YL{I,JP1,K,0,2) 00115300
DYS =YL(I»J ,K,0,2) 00115400
DYSS=YL(I,JM1,K,0,2) 00115500
00115600

DZFF=2L(1,J,KP2,0,3) 00115700
D2F =ZL(1,J,KP1,0,3) 00115800
DZB =2L{I,J,K ,0,3) 00115900
DZBB=ZL(I,J,KM1,0,3) 00116000
00116200

C ww%  DEFINE THE AREA OF THE CONTROL VOLUME 00116200
00116300

DXYF=DXF*DYF 00116400
DXYB=DXB¥DYB 00116500
DYZE =DYE#DZE 00116600
DYZW=DYWxDZK 0C116700
GZXN=DZN*DXN 00116800
DZXS=D2S*0XS 00116%00
00117000

VOL =DXI*DYJ*DZK 00117100
VOLDT=VOL/DTIME 00117200
00117300

ZY0YN=DZXN/DYN 00117400
ZX0YS=D2ZXS/DYS 00117500
XYOZF =DXYF/DZF 00117600
XY0ZB=DXYE/DZB 00117700
YZOXE=DYZE/DXE 00117800
YZOXW=DYZH/DXK 00117900
00118000

GN=(R(I,J,K)%DYPL4R(I,JP]1,K I%DYJ)/(DYP14DYJ) 0Cclislo00
GS={R(I,J)K1¥DYML4R(I,JM1,K 1¥DYJ 1/ (DYM1+DYJ) 00118200
GE=(RII,J,K)*DMPL+REIPL,J,K 1%DXI }/(DXP14DXI) Cc118300
GHzIRII,J,K )I%DXML+Ri IM1,J,K 1¥DXI )/1D¥111 +DXT ) 00118400
GF={RII,J,KI%CZPL+RII,J,KP1)I*D2K )/(DZPL+DZK) 00118500
GB=(R(I,J,K I*DIZMI+RII,J,KM1)#D2K }/( DZM1+DZK ) 0C118000
00118700

CN=GN*V(I,JP1,K 1%0ZXN Gslieeoo
CS=GS*#VII,J ,H,K)%DZXS 00118900
CE=GE*U(IP1,J,K)*DYZE 00119000
CH=GH*UT ,J,K)*DYZH 00119100
CF=GF®RITI,J,KP1)1%DXYF 00119200
CB=GB*HII,J,K )*DXYB 00119300
00119400

00119500

CONDN=1,/((1./COND(I,J,K)%DYJ+1./CONDII,JP1,K )*DYP1)/(DYP1+DYJ)) 00119600
CONDS=1./1(1./COND(I,J,K 1%DYJ+1./7CONO(I,JM1,K I%DYML)/(DYML+DYJE) 00119700
CONDE=1./1(1./COND(1,J,K)%DXI+1./CONDIIPL,J,K)%DXPL)/(DXP1+DXI)) 00119800
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CONDW=1./{(1./7COND(I,J,K )I#DXI+1./7COND(IM1,J,K 1%DXM1 1/(OXM1+DXI)) 00119900
CONDF=1./((1./COND(I,J,K)%#DZK+1./COND(I,J,KPL i#DZP1)/(DZP1+4DZK]}) 00120000
CONDB=1./((1./COND(I,J,K)*D2ZK+1./COND(I ,J,KM] )%DZML )}/{DZMLI+DZK}) 00120100

00120200

CONDN1=ZXOYN*CONDN 00120300
CONDS1=ZXOYS*CONDS 002120400
CONDE1=YZOXE®CONDE 00120500
CONDI<1 =Y ZOXW*CONDW 0C120600
CONDF 1 =XYOZF xCONDF 00120700
CONCB1=XY02B8%CONDB 00120800
00120900

00122110

CEP=({ABS(CE )+CE )%DXP1%DXI/( DXEx(DXE+DXW )}/8. 00123120
CEM={ ABS(CE )-CE )#DXP1#DXI/( DXE#»( DXE +DXEE ) /8. 00123130
CHP=( ABS(CH ) +CH 1%DXM1I%DXI/ ( DXnis( DXW DX ) 1/8. 00123140
CHM=( ABS(CH ) -CH )XDXMIRDXI/( DXWix( DXH+DXE ))/8. 00123150
00123160

CNP=t ABS(CN)+CN)%DYP1%DYJ/I DYN®(DYN+DYS ))/8. 00123170
CNM=(ABS(CN)-CN )%DYP1*DYJ/(DYN®*( DYN+DYNN) /8, 00123180
CSP=(ABSICS 14CS )xDYM1%DYJ/{ DYS*(DYS+DYSS) )/8. 00123190
CSM={ABS(CS)-CS )*DYMI*DYJ/( DYSH(DYS+DYN ))/8. 00123191
00123192

CFP={ABSICF )+CF )#DZP1%DZK/(DZF#(DZF+DZB ))/8. 00123193
CFM=(ASSICF)-CF 1#DZP1#0ZK/(DZF*( DZF +DZFF ) )1/8. 00123194
CBP=( ABS{CB )+CB )*DZM1%D2ZK/(DZB*(DZB+DZBB ) )/8. 00123195
CBM=({ ABS(CB )~CB )nDZMINDZK/(DZB*(DZB+DZF ))/8. 00123196
00123197

AE(I,J,K 13~ 5%DXI/DXEXCE+CEP+CEM®{ 1. +DXE/DXEE 1 +CrMeDXIH/OXE 00123198
AHIT,J0,K)1= ,SRDXI/DXWECH+CHM+CHP%( 1. +DXIR/DXIA ) +CEP*DXE /DXN 00123199
ANUI »J,K )=~ 5%DYJI/DYNRCN+CNP+C*™M*( 1. +DYN/DYNN 1 4CSM*OYS/DYN 00123200
AStI,J,K)= .SRDYJ/DYSHCS+CSM4CSPR(]. +DYS/DYSS 1+CHPRDYN/DYS 00123201
AF(I,J,K )3~ . 5#DZK/DZF*CF+CFP+CFM%( 1. 4DZF/0ZFF )+CBM*DZB/DZF 00122202
AB(1,J,K)= .5#DZK/DZB#CB+CBM+CBP*(1.+028B/DZBB i+CFP*DZF/DZB 00123203

c 00123204
801 AEE=-CEM»DXE/DXEE 00123210
AEER=AEEXTPO(IPC,Jd,K I*CPM(IP2,J,K) 00123200

802 CONTINUE 00123400
02123500

803 AWIN=~CHP*DXW/DXHN 00123600
AHAR=ANNXTPD( IMZ ,J,K 1%CPM(IMZ ,J,K) 00123700

€04 CCNTINUE 00123800
00123900

IF (J.LT.NJ) GOT0 805 00124000
ANN=0. 00124100
ANNR=0. 00124200
GOTO 806 00124300

805 ANN=-CNM*DYN/DYNN 00124400
AHHR=ANN®TPO( I ,JP2,K 1%CPM(I,JP2,K) 00124500

806 CONTINUE 00124600
00124700

IF (J.GT.2) GOTO 807 00124800
ASS=0. 00124900
ASSR=0, 00125000
GOTO 808 00125100
807 ASS=-CSP*DYS/DYSS 00125200
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oo0on

803

809

810

81l

812

L2222 22 sz 22222222222 2222 2222 btz 2 222222222222 82 23
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MODIFICATION FOR DECK BOUNDARIES

L. 2.2

900

901

902

903

904

905

ASSR=ASS*TPD(I ,JM2 K I%CPMLT , JM2,K )
CONTINUE

IF (K.LT.NX) GOTO 809

AFF=0.

AFFR=0.

GOTO 810

AFFz-CFM®DZF/DZFF
AFFR=AFF%TPD(I,J,KP2 )1%CPMI] ,J,KP2)
CONTINUE

IF (K.GT.2) GOTO 811

ABB=0,

ABBR=0.

GOTO 812

ABB=-CBP%DZB/DZBB
ABBR=ABB*TPD{I,J,KM2 )%CPM( I ,J,KM2)
CONTINUE

CONTINUE
IF (NOD(IM1,J,K).EQ.0) GOTO 901
AHW=0.0
AMHR=0.0

CONTINUE
IF (NODIIP1,J,K).EQ.0) GOTO 902
AEE=0.0
AEER=0.0

CONTINUE
IF (NOD(I,JuM1,K}.EQ.0) GOTO 903
ASS=0.0
ASSR=0.0

CONTINUE
If (KODI(I,JP1,K).EQ.0) GOTO 904
ANN=0.0
ANNR=Q.0

CONTINUE

IF (NCD(I,J,KM1).EQ.0) GOTO 905
ABB=0.0 )

ABBR=¢.0

CONTINUE
IF (NOD(I,J,KP1)}.EQ.0) GOTO 906
AFF=0.0
AFFR=0.0
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1
3
4 906 CONTINUE 00130800
k 00130900
(oM £ 22222222222 222222 282222 2 (222222222 2R 22 2222222 222222222 00131000
' (R 222222222222 222222 222222222222 2222222222 2222322222222 00131100
00131200
APII,J K )I=LAEIIJ,KICANII,J,K 14ANIT ,J,K J+ASIIJ,K) 00131300
& +AF(I,J,K HAB(I ,J,K J¢AEE +ANNSANNCASS+AFF +ABB 1%CPM(I,J,K 100131400
1 +CONDE 1 +CONDK1 +CONDN1 +CONDS 1 +CONDF 1 +CONDB L 00131500
00131600
AE(I,J,KIZAE(TI,J,K 1%CPM{IP1,J,K }+CONDE 1 00131700
AR T 3 J,K )AL I 5J,K IRCPMIIML ,J,K J +CONDW] 00131800
AN(I,J,KISANIT,J,K CPM(T,JP1,K )1 +CONDNL 00131900
AS(I,J,KI=AS(I,J,K I%CPM(I,JM1,K }+CORDS] 00132000
AF(T,J,K)SAFII,J,K I%CPMII,J,KP1)+CONDF1 00132100
AB(I»J,K)=ABII,J,K I*CPMLI,J,KM1)+CONDBL 00132200
00132300
SP{I,J4,K1=-ROD(I,J,K I*VOLDT*CPM(I,J,K) 00132400
SUII,J,K}3=2 ROD(I,J,KI¥VOLDTHTOO(I,J,K I¥CPMIT ,J,K ) 00132500
SULTI,J,K)=SUIT,J,K)+AEER+ANNR+ANNR+ASSR+AFFR+ABBR 00132600
100 CONTINUE 00132700
00132800
C % TAKE CARE OF B.C. THRU AN,AS,AE,AW,AF,AB,SP AND SU 00132900
00133000
C RADIUS DIRECTION 00132100
00133200
D0 500 I=2,NI 00133300
DO 500 K=2,NK 00133400
SP(I,2,K1=SP(1,2,K)+AS(I,2,K) 00133500
cc SP(I1,2,K)=5P(I,2,K)-AS(I,2,K) 00133600
cc SUIT,2,K)3SUIT,2,K)42.0%AS(1,2,K)%TPD(I,1,K) 00133760
SP{I,NJ,K)sSPUI,NJ,K)-ANLTSNJ,K) 00133800
SULILNJL,KIZSULT NI ,K)+2. %TPDII NJPL,K I*AN( I ,NJ,K) 00133900
AS(I,2,K}=0. 06134000
ANEI,NJ,K)=0. 00134100
500 CONTINUE 00134200
00134300
C ¥ CYLI” CONDITIONS 00134400
00134500
DO 600 J=2,NJ 00134600
DO 600 K=2,NK 00134700
SULZ »J,K1Z8U(2 »J,KI4ARI2Z ,J,K)*TL1 »J>K) 00134800
SUINI 3J,K)=SUINI ,J,KI¢AEINI ,J,K I%TINIPL,J,5K) 00134900
AH(2 »J,K)1=20.0 00135000
ACINILJ,K320.0 00135100
600 CONTINUE 00135200
00135300
C W END OF SPHERE 00125400
: 00135500
DO 700 I=2,NX 00125600
DO 700 J=2,NJ 00135700
SP(I»J,21=SPII,J,214AB(I,J,2)} 00135800
SPUI,J,NK)I=SPII,JsNK)4AFII,J,NK) 00135900
AB1I1,J,2)=0. 00136000
AF(I,J,NK)=0. 00136100
700 CONTINUE 00136200
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C wne ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS

300

113

i1

[og 2 2 )

310

C ®xw

DO 300 K=2,NK

DO 300 J=2,NJ

DO 300 I=2,NI
AP(I,J»K]*‘PlI:J,K"SP(IpJ’K)
CONTINUE

VOLUME HEAT SOURCE INPUT

VOLT=0.0

DO 113 I=2,NI

DO 113 JU=2,NJ

00 113 K=16,17

IF (NHSZ(1,J,X).EQ.0) GOTO 113
DXI =XL(YI ,J,K,0,0}
DYJ =YLLI,J ,K,0,0)
DZK =ZL(I1,J,K ,0,0)
VOL=DXINDY I%DZK %HxH*H
VOLT=VOLT+VOL
CONTINUE

00 111 I=2,NI

DO 111 J=2,NJ

D0 111 K=le6,17

IF (NHSZ(1,4,K).EQ.0) GOTO 111
DXI =¥LI(YI ,4,K»0,01}

DYJ =YL(I,J ,K,0,0)

DZK =2L(I,J,K ,0,0)
QGQA=Q~H/(UOXCPO*RHOO*TA)
VOL=DXI*DYJ*DZK

SUCT, 4K 1=SUCI,J,K 1 4VOL%QQQ/VOLT
CONTINUE

RADIATION INTO THE WALL

DO 310 K=3,NXM1

CO 310 I=2,NI

DXN =2XL(I ,NJRA,K,0,2]}

DZN =2ZL(I,NJRAK ,0,2)

DZ¥N=DZH*DXN

II=(K=3)%(NI-1141I-1
SULT,NJRA,K ISSULT ,NJRA K )-RHALL (11 }&DZXN
CONTINUE

END OF RADIATION
SOLVE FOR T

CALL TRID (2,2,2,NI,NJ,NK,T)
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00141500

C wdnx RESET TEMPERATURE AT R=0.0 AND END OF SPHERE 00141600
00141700

DO 81 K=1,NXP1l 00141800
AVT=0.0 00141900

DO 82 I=2,NI 00142000
AVT=AVT+{T(I,2,K)/NIM1) 00142100

82 CONTINUVE 00142200

DO 83 I=1,NIP1 00142300
TI,1,K1=AVT 00142400

83 CONTINUE 00142500

81 CONTINUE 00142600

Cc 00142700
D0 74 I=1,NIP1 00142800

DO 74 J=1,NJP1 00142900
T(I,J,1)=T1I,J,2) 00143000
TI,J,NKPY)I=TIY,J,NK) 00143100

74 CONTINUE 00143200
00143300

C % FOR SURFACE HEAT EXCHANGE WITH SURROUNDING 00143400
00143500

DO 84 I=2,NI 00143600

DO 84 K=2,NK 00142700
DYJ=YLIIWNJ,K,0,0) 00143800
TEISNJPL,K)I=(2.0%COND(I NI, K 1 %*T(I,NJ,K)/DYJ+HCOEF*TINF )/ 00143900

& (HCOEF +2.0%CONDI(1,NJ,K)/DYJ) 00144000

84 CONTINUE 00144300
00144400

00144500

C ¥xx FOR CYLIC CONDITION 00144600
00144700

DO 80 J=1,NJP1 00144800

DO &0 K=1,NiP1l 00144500
TU1,J,K31=T(NI,J,K) 00145000
TINIPL,J,K}=T(2,J4,K) 00145100

80 CONTINUE 00145200
00145300

RETURN 00145400

END 00145500
00145600

00145700

00145800

c 00145900
C 33695 30369636 3636 56 3636 696 96 3636 3635 36 36 63636 36 96 36 30 36 3¢ 696 T 4% 9696 36 6 ¢ 3¢ 3 36 I J6I6 3 36 96 3 36 36 36 Fe S 36 39 36 S I 3 36 00146000
SUBROUTINE CALC 00146100

€ FER FIEIEIE I JEIE I T 6 I 636 636 IETETEIE I 36 36 363363 36 36 2606 36-36 36 6 I6I-J6-16-36-36-36 36 36 3636 36363696 M6 S0 3636 96 00146200
COMMON/R4/XC(93),YC193),2C193),%5(93),Y3(93),25(93), 00146300

g DXXC193),DYYC(93),D22C(93),DXX5(93),DYYS(93),D225(93) 00146400
COMMON/BL1/D¥,DY,DZ,VOL ,DTIME ,VOLDT, THOT ,TCOOL ,PI,Q,QR 00146500
COMMON/BL7/NI ,RIP1,NIML ,NJ,NJIPL ,NCM1 ,NK ,NKP 1, NKIM1 00146600

& HNIPZ,NJPZ,HNKP2,NA,NAPL,NAM]1,NB ,NBPL,NBM1,KRUN,NCHIP ,NJRA,NNRP 00146700
COMMON/BL12/ NWRITE ,NTAPE ,NTMAX0O,NTREAL , TIME ,SORSUM,ITER 00146800

COMMCN/BL14/HCOEF , TINF ,CNT , ABTURB ,BTURB , VISL , VISMAX,,QCORRT ,PM1,PM200146900
COMMON/BL16/ CONST1,CONST2,CONST3,CONSTSG,CONST6,NT,U0,H,UGRT ,BUCY ,00147000
& CPO,PRT,CONDO,VISO,RHO0,HR,TR,TA,DTEMP,TWRITE ,TTAPE , TMAX,GC,RAIRC0147100
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3
3
L
9
b COMMON/BL22/ICHPBI 10 ),NCHPI(10),JCHPBI10V,NCHPJ110),KCHPB(10), 00147200
3 NCHPK(10),TCHP(10),CPSI10),CONS(10 I,NFAN({10) 00147300
COMMON/BL3Y/ TOD(22,16,32),R00t22,10,32),P0D(22,16,32) 00147400
& ,C00122,16,32),U0D122,16,321,V00(22,16,32),WN0D(22,16,32) 00147500
COMMON/BL32/ T12C,16,32),R122,10,32),P122,16,32) 00147600
& sC1022,16,32),U122+16,32),V122,16,321,K(22,16,32} 00147700
COMMON/BL33/ TPDI22,10,32),RPD122,16,321,PPD122,10,32) 00147800
& »CPD(22,16,32),UPD(22,16,32),VPD(22,16,32),WPD(22,16,32) 00147900
COMMON/BL34/ HEIGHT(22,16,321,REQ!22,16,32), 00148000
s SMP122,16,32),SMPP(22,16,32),PP(22,16,32]), 00148100
) bU122,16,32),DV122,16,32),0WH122,16,32]) 00148200
COMMON/BL36/AP(22,16,32),AE(22,16,32,AW(22,16,32),AN122,16,32), 00148300
) AS(22,16,32),AF122,16,32),AB122,10,32), 00148400
] SP122,10,32),SU(22,16,32),RI(22,16,32) 00148500
COMMON/BL37/VIS(22,16,32),CONDI(22,16,32),NOD(22,16,32),RRALL(579) 00148600
] »CPM(22,16,321,HS2(3,2),NHSZ(22,10,321,RESORM( 93} 00148700
COMMON/BL39/ALEN , PCURVE ,CONSRA , PCURM] , PSOUTH , QCORR , PERROR 00148800
00148900
C een CALCULATE COEFFICIENTS 00149000
00149100
DO 100 K=2,NK 00149200
KP2=K+2 03149300
KP1=K+1l 00149400
KM1=K-1 00149500
KM2=K~2 00149000
DO 100 J=2,NJ 00149700
JP2:J42 00149800
JP1zJ+1 00149900
JM1=J~1 00150000
JMZ=Jd-2 00150100
DO 100 I=2,NI 00150200
IP2=1+2 00150300
IP1=I+1 00150400
IMi=I-1 00150500
IM2=1-2 00150600
IF (I1.£Q.2) IM2=NIML 00150700
IF {I.EQ.NI) IP2=3 00150800
00150900
c CENTRAL LENSTH OF THE SCALE CONTROL VOLUME 00151000
0G151100
O¥P1=XL{IP1,J,K,0,0) 00151200
XY =¥L(I »J1»K,0,0) 00151300
DXM1=XL(IM1,J,K,0,0) 00151400
00151500
DYF1=YLII,JUP1,K,0,0) 00151600
OYJ =YL(I,J ,K,0,0) 00151700
DYM1=YL(1,JM1,K,0,0} ©0151800
’ 00151900
D2ZP1=2L(1,J,KP1,0,0) 00152000
DZK =ZL(I1,J,K ,0,0} 00152100
D2M1=2L{I,J4,KM1,0,0) 00152200
00152300
C % SURFACE LENGTH OF THE CONTROL VOLUME 00152400
00152500
DXN=XL(I,JP1,K,0,2) 00152600
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DXS=XLII,J ,K,0,2) 00152700

DXF=XLLI,J»KP1,0,3) 00152800
DXB=XL(I,J,K ,0,3} 03152900
00153000

DYF=YL(I,J,KP1,0,3) 00153100
DYB=YLII,J,K ,0,3) 00153200
DYE=YL(IP1,J,K,0,1} 00153300
DYWN=YL(I ,J,K,0,1) 00153400
00153500

D2E=2L(IP1,J,K,0,1]} 001532600
DZW=2L(1 ,J,K,0,1) 00153700
DZN=2L(1,JP1,K,0,2) 00153800
D2S=ZL(I,J ,K,0,2]} 00153900
00154000

C e CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T 00154100
00154200

OXEE=XL(IP2,J,K,0,1) 00154300
DXE =XLUIP1,J,K,0,1) 00154400
DXW =XLII ,J5K;50,1) 00154500
DXPA=XL(IM),J,K,0,1) 00154600
00154700

DYNN=YLII,JP2,K;0,2) 00154800
DYN =YL(I,JP1,K,0,2) 00154900
DYS =YL(I,2 ,K,0,2) 00155000
DYSS=YL(I,JM1,:K,0,2) 00155100
00155200

DZFF=2L(I,J,KP2,0,3) 00155300
DZF =Z2L(I,J4,KP1,0,3) 00155400
DZB =ZL(1,J,K ,0,3) 00155500
DZBB=ZL{I,J,KM1,0,3) 00155600
00155700

C DEFINE THE AREA OF THE CONTROL VOLUME 00155800
00155900

DXYF=DXF*DYF 00156000
DXY3=DXB*DYB 00156100
DYZE=DYE*DZE 00156200
DYZH=DYHW*IZK 00156300
DZXH=DZN*DXN 00156400
DZXAS=DZ3%D¥S 00156500
00156600

VOL=DRI*DYJ#DZK 00150700
VOLDT=VOL/JTIME 00150500
00156900

ZrFOYN=DZXN/DYN 00157000
ZY0YS=DZxX3/DYS 00157100
XYQZF =DXYF/DZF 00157200
¥Y028=0XYB/DZB 00157300
YZOXE=DYZE/DVE 00157400
YZOXA=DYZHN/DXH 60157500
00157600

GN={R(I,J,K}*¥DYPL+RI{I,JPL,K IXDYJ )/ DYPL+DYJ) 00157700
G3=(RII,J,K I%DYMLI4RITI ,JM1,K )%DYJ)/(DYM1+DYJ) 00157800
GE=(R(I,J,K)*DXPL4R(IP1,J,K 1#DXI )/(DXP14DXI) 00157900
GH=(RII,J,K)*DXM1+R{IM1,J,K I%DXI )/(D¥M1+4DXI} 00158000
GF=(R{I,J,K)*DZP14R(I,J,KP1)%DZK }/(DZP14DZK) 00158100

149




1 GB={R(I,J,K%DZM1+R(I,J,KM1)*DZK }/(DZM1+D2ZK ) 00158200

02158300

CN=GN*¢V(I,JP1,K )%DZXN 00158400

CS=GSHVII,J K I®DZXS 00158500

CE=GE*UIIP1,J,K *DYZE 00158000

: CHEGRXUIT  ,J,K)*DYZWN 00158700
. CF=GF*H{T,J,KP11%DXYF 00158800
3 CB=GB*H(I,J,K I*DXYB 00158900
00159000

00159100
CONDN=1./1(1./COND(I,J,K1%DYJ+1./COND(I,JP1,K )*DYPL1)/(DYP14DYJ)) 00159200
CONDS=1./(11./CONDUI,J,K)%DYJ¢1./CONDIT ,JM]1,K I%DYM1 )/(DYM1+DYJ)) 00159300
CONDE=1./((1./COND{(I,J,K)%DXI+1./COND(IP1,J,K)%DXP11/(DXP1+DXI)) 00159400
CONDK=1./((1./COND{I,J,K )%DXI+1./COND(IM1,J,K)*DXM1)/(DXM1+DXI}) 00159500
CONDF=1./(11./COND(I,J,K)*DZ2K+1./COND(I,J,KP11¥DZP1)/(DZP14DZK)) 00159600
CONDB=1./((1./COND(I,J,K )%DZK+1./COND(I,J,KM1 )*DZM1)/(DZML+DZK)) 00159700

00159800

CONDN1=2ZXOYN*CONON*ALEW 00159900
CONDS1=ZX0YS*CONDS*ALENW 00160000
CONDE 1=YZOXE*CONDE*ALEW 00160100
CONDK1=YZOXH%COMDN®ALEW 00160200
CONDF1=XYOZF*CONDF*ALEW 00160300
CONDB1=XY0OZB*CONDB®ALEW 00160400
00162700

00162800

CEP={ ABS(CE )+CE 1*DXP1*DXI/{ DXE#{ DXE +DOXH ))/8. 00162801
CEM=(ABS{CE )-CE }*DXP1%DXI/{ DXE%*( DXE +DXEE ) }/8. 00162802
ChP=( ABSICH ) +CH I%DXML %D XI/ ( DXW*( DXW+DXWKH ) )/8. 00162803
CHM=( ABSICH)-CH )%DXMI%DXI/! DXWx(DXW+DXE })/8. 00162804
0016280¢

CNP=(ABSICN J4CN I%DYP1%DYJ/(DYN*(DYN+DYS })/8. 03162806
CNM=(ABS(CN}-CNI*DYP1%DYJ/{ DOYN*{ DYN+DYNH) )/8. 00162807
CSP={AES{CS 1+CS 1eDYMI*DYJ/(DYS*1 DYS+DYSS ) }/8. 00162808
CSM=(ABS(CS)-CS )*DYMI%DYJU/(DYS*(DYS+DYN })/8. 00162809
00162810

CFP={ASS(CF 1+CF 1%DZP1»DZK/( DZF*(DZF+DZB ))/8. 00162811
CFM=(ABSICF )-CF )1%DZP1*DZK/(DZF%{ DZF+DZ5F ) }/8. 00162812
CBP=t ABS{CB }+CB *CZM1+DZK/(DZB*(DZB+DZ88 3 )/8. 00162813
CBM={ ABS(CB )-CE )*DZM1%*DZK/(DZB*(DZB4DZF )1/8. 00162814
00162815

AEIT,J,K)=-.5xD¥I/DYE*CE+CEP+CEM*( 1. +OXE/DXEE 1 +CHMXDYW/DXE 0Clecdle
AH(T,J,K 1= . 5XDXI/DXH*CH4CHM+CIHRP%( 1., +DXH/DXHA 1+ CEP%DXE /DXK 00102817
ANCIJ,K)==.5%DYJS/DYNRCN+-CHNP+CNM* (1, +DYN/DYNN 1 +CSM*DYS/DYN 00162818
AGII,JHK 1= 5*DYJI/DYSCS+CSMACSP*( 1., +DYS/DYSS 14CNP#DYN/DYS 00162819
AFLI,J K 1=~ .5%DZK/DZF>CF4CFP+CFM*¥( 1, +DZF/D2FF 1+CBM*xDZB/DZF 00102820
AB{I,J4,K)= .5%DZK/DZB#CB+CBM+CBP*(1.+DZB/DZBB )+CFP*DZF/DZB 00162821

. 001e2822

00162823

801 AEE=-CEM*DXE/DXEE 00162830
AEER=AEE*CPD(IP2Z,J,K) 00162900

802 CONTINUE 00163000
00163100

803 AWW=-CHP*DXH/DXHHW 00163200
AWKR=AMWXCPDIIM2,J,K ) 00163300

804 CONTINUE 00163400
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F . 00163500

) IF (J.LT.NJ) GOTO 805 00103600

ANN=0. 00163700

ANNR=0. 00163800

GOTO 806 00163900

805 ANN=-CNM*DYN/DYNN 00164000

ANNR=ANNXCPO( I ,JP2,K} 00104100

806 CONTINUE 00164200

00164300

IF (J.GT.2) GOTO 807 00164400

ASS=0. 00164500

ASSR=0. 00164600

GOTO 808 00164700

807 ASS=-CSP*DYS/DYSS 00164800

ASSR=ASS®CPD(I,JM2,K) 00164900

808 CONTINUE 00165000

00165100

IF (K.LT.NK) GOTO 809 00165200

AFF=0. 00165300

AFFR=0. 00165400

6070 810 00165500

809 AFF=-CFM*DZF/DZFF 00165600

AFFR=AFF%CPD(I,J4,KP2]} 00165700

810 CONTINUE 00165800

00165900

If (K.GT.2) GOTO &11 00166000

ABB=0. 00166100

ABBR=0., 00166200

GOTO 812 00166300

811 ABC=-CBP*DZB/DZBB 00166400

ABBR=ABBXCPD(I,J,KM2)} 00166500

812 CONTINUE 00106600

00166700

00166800

00166900

C SRR AR R R RN RSN IR RRERANRATRINRABRIRRRT2ESABANACARSARSLS 00167000

C R R R R R R AR RN E R R R B RN S LB INE SRR ERBRIRERERRESS 00167100

C #%» MODIFICATION FOR DECK BOUNDARIES 00167200

00167200

900 CCNTINUE 00167400

IF (NOD(IM1,J,K).EQ.0) GOTO 901 G01e7500

ARH=0.0 00167000

AWHR=0.0 00167700

0C167800

901 CONTINVE 00107900

IF (1ODLIPL,J,K).EQ.0) GOTO 902 00168000

A£E=0.0 . 00108100

AEER=0.0 00168200

00108300

902 CONTINUE 00168400

IF (NOD(I,JM1,K).EQ.0) GOTO 903 00168500

455=0.0 00168600

ASSR=0.0 00168700

00168800

903 CONTINUE 00168900
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C SRERATEIRRERIRRISRRERERSRRRLRLRIRRTRRTANRERTANNEZRRTTNSNSS
C SSCHIRIRTLRBARABRRTIZCRATABSTTLICIRURRTURRACRATAAVEERASEAR

IF INOD(I,JP1,K).EQ.0) GOTO 904
ANNz0.0
ANNR=0.0

904 CONTINUE

IF (NOD(I,J,KM1).EQ.0) GOTO %05
ABB=0.0
ABBR=0.0

905 CONTINUE

IF (NOD(I,J,KP1).EQ.0) GOTO 906
AFF=0.0
AFFR=0.0

906 CONTINUE

AP(I ,J,KI=(AELI,JS,K I+ANIT »J,K)+AN(T,J,K)+AS(I,J,K)

& SAF(I,J,KI1+AB(I,J,K )+AEE+ANR+ANNEASS+AFF+ABB)
3

+CONDE 1 +CONDW1 +CONDN1+CONDS1+CONDF 1+CONDBL

AE(I,J,K1=2E(I,J,K)+CONDEL
AW T 3 J,K)=ARLT 3, J,K ) +CONDK1
AN(I,J,K 1=ANCT ,J,K }+CONDNL
AS1I,J,K)=AS(I,J,K)+CONDS]
AF(I,J,K)=AF(1,J,K)+CONDF1
AB(I,J,K=ABLI,J,K)+CONDBL

SP(I,J,K1=-ROD(I,J,K I%vOLDT
SULT,J,K)= RODII,J,KI¥VOLDT*TOD(I,J,K)
SULI,J,K)=SULT,J,K )+AEER+ANNR+ANNR +ASSR+AFFR+ABBR

100 CONTINUE

C wwn TAKE CARE OF B.C. THRU AN,AS,AE,AR,AF,AS,SP AND SU

C RADIUS DIRECTION

cc

DO 500 I=2,NI

DD 500 K=2,NX

SP11,2,h1=SPI1,2,K1+A511,2,K)
SPUI,2,K)=SPII,2,K}-A5(1,2,:K)
SUI,2,K1=5U01,2,K)142,0#45(1,2,K1%CPOI(T,1,K)
SPLILNJ,KI=SPITLHLK 1-ANIT,NJ,K )
SULTHNJIHKI=SULT NI K )42 . #CPDULI,NJPL,K I#ANL I ,NJ,K)
AStI,2,K1=0..

ANEILNILK =0,

500 CONTINVE

C snn CYLIC CONDITIONS

D0 600 J=2,NJ
DO 600 K=2,NK
SUL2 ,J,K)2SUI2 ,J,K)+ARWI2 ,J,K)=C(1 >J5K)}
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00169000
00169100
0Gl169200
00169300
00169400
00169500
00169600
00169700
00169800
00169900
00170000
00170100
00170200
00170300
00170400
00170500
00170600
00170700
00170800
00170900
00171000
00171100
00171200
00171300
00171400
00171500
00171600
00171700
00171800
00171900
00172000
00172100
00172200
00172300
00172400
00172500
00172600
00172700
00172800
00172900
00173C00
0C173100
00175200
00172300
00173400
00173500
00173000
00173700
00173800
00173900
00174000
00174100
00174200
00174300
00174400




SUINI »J,K)1=SUINI »J,K J+AEINI ,J,K IXC(NIP1,J,5K) 00174500

AWt 2 ,4,K)=0.0 00174600
AE(NI,J,K}=0.0 00174700
600 CONTINUE 00174800
00174900
C %% END OF SPHERE 00175000
00175100
DO 700 I=2,NI 00175200
DO 700 J=2,NJ 00175300
SP(I,J,2)=5P(1,J,2)+AB(I,J,2) 00175400
SP(I1,J,NKI=SPII,J,NK)+AF(I,J,NK) 00175500
AB(I,J,2)=0. 00175600
AF(I,J,NK)=0, 00175700
700 CONTINUE 00175800
00175900
00176000
00176100
C ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00176200
00176300
DO 300 K=2,NK 00176400
DO 300 J=2,NJ 00176500
00 300 I=2,NI 00176600
APLI>J,KIzAP(I,J,K)=-SP(I,J,K) 00176700
300 CONTINUE 00176800
00176900
00177000
060177100
C %%% YOLUME MASS SOURCE INPUT 00177200
00177300
VOLT=0.0 00177400
00 113 I=2,NI 00177500
PO 113 J=2g,NJ 00177600
DO 113 K=16,17 00177700
IF (NHSZ2(1,J,K).EQ.0) GOTO 113 00177800
DAY =XL(1 5J,K,0,0) 00177960
DYJ =YL(I,J4 K,0,0) 00178000
D2Zr. =2L{1,J5K ,0,0) 00178100
VOL=EZI#DY J*DZK#H*H*xH 00178200
VOLT=VOLT+VOL 00178300
113 CONTINUE 00176400
0017€500
DO 111 I=2,NI 00178600
D3 111 J=2,HJ 00178700
DO 111 K=lo,17 00178300
IF (NH32(1,J,K).EQ.0) GOTO 111 00178°00
DXI =XLII 5J,K,0,0) 060179300
DYJ =YLII,J - ,K;0,0) 00172100
CZX =2L{I,J5K ,0.0} 00179200
QRIzQ*H/{ UOXCPO*RHOOXTA } 00179300
Q1s= 1.0 00179400
QMS = QMS*H/(UO0%RHOO ) 00179500
YOL=D»1%DYJ%DZK 00179600
SULT,J,K3=8U(1,J,K)+VOL*QMS/VOLT 00179700
111 CONTINUE 00179800
00179900
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C %ex SOLVE FOR C 00180000

00180100

CALL TRID (2,2,2,NI,NJML,NK,C) 00180200
00180300

C #%x% RESET CONCENTRATION AT R=0.0 AND END OF SPHERE 00180400
00180500

DO 81 K=1,NKP1 00180600
AVT=0.0 00180700

D0 82 I=2,NI 00180800
AVT=AVT+(C(I,2,K)/NIM]) 00180900

82 CONTINUE 00181000
DO 83 I=21,NIPl 00181100
CiI,1,K)=AVT 00181200

83 CONTINUE 00181300
81 CONTINUE 00181400
00181500

DO 74 I=1,NIP1 00181600

DO 74 J=1,NJP1 00181700
Cl(1,J4,13=C(I,J,2) 00181800
CLI»J5NKPL)=C(I,J5NK) 00181900

74 CONTINUE 00182000
00182100

C %% FOR SURFACE MASS EXCHANGE WITH SURROUNDING 00182200
00182300

DO 84 I=2,NI 00182400

DO 84 K=2,NK 00182500
CULILNIPL,K)=CLI,NJ,K) 00182600

84 CONTINUE 00182700
00182800

00182900

C 6% FOR CYLIC CONDITION 00182000
00183100

DO 80 J=1,NJP1 001£3200

DO 80 K=1,NKP1 00183300
Cl1,J,K1=CINI,J»K} 00183400
CINIP1,J,K)=C(2,J,K) 00183500

80 CONTINUE 00183600
00183700

RETURN 00183800

END 001£3900
0C184000

00184100

c 001842C0
c P30 I IR JE TP F I T T T JE I I 36 I 996 I I I 626 3 FE I I I H K F I NI I % 00184300
SUBROUTINE CALU 00184400

c 63638 I3 376363696 3 36 3636 74 36363636 J6 P T2 6 6 36 06 36 336 6 63996 363636 36 3 JHIHHIE I I IHOHER R R 00184500
COMMON/R4/%CI193),YC193),2C(93),%5193),YS1931,25(93), 00184600

3 DX/C(93),DYYC193),DZ2C193),0XXS(931,0YYS(93),022S(93) 00184700
CoMMOMN/8L1/0X,DY,DZ,VOL,DTIME ,VOLDT, THOT , TCOOL ,P1,Q,QR 00184800
COMMON/BL7/NIH,NIPL,HIML,NJ,NJPL,NIML ,NK ,NKP1 ,NKML 00184900

& SNIP2,NJPZ,NXP2,NA,NAP1,NAM],NB,NBP1,NBM1,KRUN,NCHIP ,NJRA,NWRP 00185000
COMMON/BLL2/ NWRITE ,NTAPE,NTMAXO,NTREAL ,TIME ,SORSUM,ITER 00185100

CCMMON/BL14/HCOEF , TINF ,CNT ,ABTURB ,BTURB , VISL , VISMAX,QCORRT ,PM1,PM200185200
COMMON/BLYA/ CONST1,CONSTZ,CONST3,CONST4 ,CONST6,NT ,U0,H,UGRT ,BUOY ,00185300
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,0TEMP ,THRITE , TTAPE , TMAX,GC ,RAIRG0185400
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COMMON/BL20/SIG11122,16,32),S16G12122,16,32),51622(22,16,32) 00185500
3 »S1613122,16,32),51623122,16,32),51633(22,10,321 00185600
COMMON/BL22/ICHPB(10 ),NCHPI(10),JCHPB(10),NCHPJ(10),KCHPB(10), 00185700
: NCHPK{10),TCHP(10),CP5(10),CONS(10},HFAN(10) 00185800
COMMON/BL31/ TOD(2L,16,32),R0D(2¢2,10,321,P00122,10,321 00185900
¢ ,C00D(22,16,32),U00(22,16532),V0D(22,16,32),H0D(22,16,32) 00186000
COMMON/BL32/ T(22,16,321,R(22,16,32),P(22,10,321 00186100
& »C122,16,32),U122,16,32),V122,16,32),K122,16,32) 00186200
COMMON/BL33/ TPD122,16,32),RPD(22,16,32),PPD(22,106,32) 00186300
& »CPDL22,16,32),UPD122,16,32),VPD122,16,32),RPD(22,26,32) 00186400
COMMON/BL34/ HEIGHT(22,16,32),REQ(22,16,32), 00186500
& SMP(22,16,32),SMPP122,16,32),PP122,16,32), 00186600
& DUt 22,16,32),DV122,16,32),DH122,16,32) 00186700
COMMON/BL36/AP122,16,32),AE(22,16,32),AR122,16,32),AN(22,16,32), 00186800
& AS(22,16,32),AF122,16,32),AB122,16,32), 00186900
& SP(22,16,32),5U0(22,16,321,RI(22,16,32) 00187000
COMMON/BL37/ VIS122,16,32),CONDI22,16,32),N0D122,16,32),RWNALL(579)00187100
1 »CPM(22,16,32),HSZ(3,2),NHSZ2122,16,32},RESORML 93 ) 00187200
00187300
C e CALCULATE COEFFICIENTS 00187400
00187500
DO 130 K=2,NK 00187600
KP2=K+2 00187700
KP1l=K+1 00187800
KM1=K-1 00187900
KM2=K-2 00188000
DO 100 J=2,NJ 00183100
JP2=2J42 00188200
JP1=J+1 00188300
JMl=J-1 00188400
JM2=J-2 00188500
CO 100 I=2,NI 00128600
IP2=1+2 00188700
IP1=1+1 00188800
IM1=I-1 00188200
IM2=1I-2 00189000
IF (I.EQ.2) IMI=NI 00189100
IF (I.€Q.2) IM2=NIM1 00189200
IF (1.EQ.3) IM2:=NI 00189300
IF (I.EG.NI) IP2=3 00182400
00189500
00182600
[ CENTRAL LENGTH OF THE SCALE CONTROL VOLUME £0189700
001849800
DXP1=XL11P1,J,K,1,0) 00189300
D1 =Xt »JrK51,0) 00190000
DxM1=XLtIM1,U,K,1,0) 00190100
00190200
DYP1=YLII,JP1,K,1,0) 0019C300
DYJ =YLUI,J ,K,1,0) 00190400
DYM1=YL(I,JM1,K,1,0) 00190500
00190600
DZP1=ZL(I,J,KP1,1,0) 00190700
D2ZK =ZLII,J5K ,1,0) 00190800
DZMY=ZL(I,J,KM1,1,0) 00190900
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C SURFACE LENGTH OF THE CONTROL VOLUME

C %*ex

DXN=XLII,JP1,K,1,2)
DXS=XLII,J 3K,1,2)
DXF=XLLI>,J,KP1,1,3)
DXB=XL{I,J5K 51,3)

DYF=YL(I,J,KP1,1,3)
DYB=YLII,J,K ,1,3)
DYE=YL(IPL1,J,K,1,1)
DYH=YLII ,J,K,1,1)

DZE=ZLIIP1,J,K,1,1)
DZW=ZL(I ,JsK;31,1)
DZN=2L(1,JP1,K,1,2)
DZS=ZL1I,J ,K,1,2)

CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR U

DXEE=XL{IP2,J,K,1,1)
DXE =XL(IPl,J,K,1,1)
DXW =xLI(I »J12K»1,1)
DXHM=XL(IM1,JsKs1,1)

DYNN=YL(I,JPZ,K,1,2)
DYN =YL(I,JP1)K’1’2)
DYS =YLLI,J ,K,1,2)
DYSS=YL{I,UM1,K,1,2)

DZFF=ZL(I,J,KP251,3)
DZF =ZL{1,4,KP1,1,3)
DZB =ZL(I,J,K ;1)3)
DZEB=ZL{1,J,KM1,1,3)

DEFINE THE AREA OF THE CONTROL VOLUME

DXYF=DXF%DYF
DXYB=DXB*DYB
O ZE=DYE*DZE
DYZH=zDYW*DZW
DZXH=CZN*DXN
DZXS=pZ5#DXS

VOL=DXI*D7J*DZK
YOLDT=VOL/DTIME

ZXOYN=DZXN/D¥N
2Y0YS=0Z¥S/DYS
XYOZF=DXYF/DZF
¥Y0ZB=DXYB/DZB
YZOXE=DYZE/DXE
YZOXH=DYZH/DXH
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00191000
00191100
00191200
00191300
00191400
00191500
00191600
00191700
00191800
00191900
00192000
00192100
00192200
00192300
00192400
00192500
00192600
00192700
00192800
00192900
00193000
00193100
00192200
00193300
00193400
00193500
00193600
00193700
00193800
00193900
00194000
00194100
00194200
00194300
00194400
00194500
00194600
00194700
00194800
00194900
00195000
00195100
00195260
00195200
00195400
00195500
00195600
00195700
00195800
00195900
00196000
00196100
00196200
00196300
00196400




C e

USE SINGLE AND BI-LINEAR INTERPOLATION TO EVALUATE
PHYSICAL PROPERTIES AND FLUX ON THE SURFACES.

GNE=SILINIR(I ,JP1,K),R{I ,J,K),DYP1,0YJInVviI ,JP1,K)
GNH=SILIN(RIIMI,JPL,K),ROIML,J,K),0YPL,0YJ I%V(IM]1,JPL,K}
GSE=SILINIR(I ,JML,KI},R(I »J,K},DYMLI,DYJI#V(I ,J LK)
GSH=SILIN(R{IML,JM1,K]},RIIML,J,K),DYM1,DYJIINVIIMIL,J ,K)

GE =SILIN(R(IP1,J,K},R(I ,J,K),DXEE,DXE I*UIIP1,J,K)
GP =SILIN(RUIML,J,K),R(I ,J,K),0XH ,DXE MU(I ,J,K)
GW =SILINIR(IM2,J,K},RIIM1,J,K},DXMH,DXHINU(IML,J,K)

GFE=SILIN(R(I »J,KP1),R(I ,J,K),DZP1,DZKI%N(I ,J,KP1l)
GFR=SILIN(RU{IML1,J,KP1),R(IM1,J,K},DZP1,DZK }N({IM1,J,KPL}
GBE=SILINIR(I ,J5KM1),RII ,J,K),DZM1,DZK IMR(I ,J,K )
GBW=SILIN{R(IM1,J,KM1),RIIM1,J,K),DZM1,02K IuNiIM1,J,K )

CE=0.5%(GE+GP )*DYZE
CW=0 . 5%( GP +GH I*DYZH

CN=SILIN(GNE ,GNiN, DXE , DXW 1%DZXN
CS=SILIN(GSE »GSH,DXE , DXH )%DZXS

CF2SILINIGFE ,GFH,DXE ,DXW )%xDXYF
CB2SILINIGBE ,GBHW,DXE ,DXW )%DXYB

VISE=VISI(I ,J,K)
VISW=VIS{IM1,J,K)

VISN= (VIS{I LJPL,KI4VISII ,J5K)e
& VIS(IML,JPL,K)4VIS(IM1,J,K)1/6G.0
vIss= (VISII HUML,K)#VIS(I ,J,K )+
& VIS(IM1,JM1,K}+VIS(IMY,J,K))/64.0
VISF= (VISII SJ,KP1IVIS(I ,L,J,K)+
& VIS(IM1,J,KP1)+VIS(IM1,J,K3)/4.0
vise= (VIS(I »J,KML1I+VISII ,J,K)+
& VIS(IML,J,KM1)4VISUIML,J,K)})/6.0

VISN1=Z¥OYN*VISN
VISS1=ZX0YS*VISS
VISE1=YZOXE%VISE
VISH1=YZOXrH%VISH
VISF1=AYOZF*VISF
VISBl=XYOZB*#YISB

CEP=(ABS(CE )+CE 1¥DXE/DXI/16.
CEM=(ABSICE )-CE )*DXE/DXP1/16.
CHP=( ABS{CH ) +CHI%DXH/DXML/16.
Ch=1 ABS(CH)-CHI*DXW/DX1/16.

CNP={ABS(CN)+CN)*DYP1%DYJ/(DYN%(DYN+DYS )}/8.

00196500
00190600
00196700
00196800
00196900
00197000
00197100
00197200
00197300
00197400
00197500
00197600
00197700
00197800
00197900
00198000
00198100
00198200
00198300
00198400
00198500
00198600
001298700
00198800
001982900
00199000
00199100
00199200
00199300
00199400
00199500
00199600
00199700
00199800
00192900
00200000
00200100
00200200
00200300
00200400
00200500
00200600
00200700
00200800
00200900
00201000
630201100
00201200
00201300
00201400
00201500
00201600
00201700
00201800
00201900




801

802

803

804

805

806

808

809

810

CNM=1 ABSICN)=CN)%DYP1%DYJ/(DYN*(DYN+DYNN) )/8.
CSP={ABSICS )+CS 1xDYM1%DYJ/(DYS*(DYS+DYSS ) /8.
CSM={ABS(CS )-CS )%DYMI*DYJI/(DYSX{DYS+DYN ) )/8.,

CFP=(ABSICF 14CF I1%DZP1I%DZK/(DZF%(DZF+DZB ))/8.
CFM=(ABS(CF }-CF )xDZP1%DZK/{ DZF%{ DZF+DZFF ) }/8.
CBP=(ABS(CB)+CB }#DZM1%DZK/(DZB#(DZB+DZBB ) }/8.
CBM=(ABS(CB )-CB }#DZM1%DZK/( DZB%( DZB+DZF })/8.

AE(X,J,K )=~ 5%CE+CEP+CEM*( ). +DXE/DXEE ) +CHM*DXW/DXE +VISEL
AR(TIJ5K)= SXCH+CHM+CHP#*( 1. +DXH/DXNH ) +CEP#DXE /DXH+VISH1

AN(I,J,K )=- 5%DYJ/DYNXCNCNP +CNM¥* ( 1. +DYN/DYNN ) +CSM%DYS/DYN+VISNL
AS(I,J,K)= .5%DYJ/DYSHCS+CSM+CSPx( 1. +DYS/LYSS )+CNP#DYN/DYS+VISS1
AF(1,J,K)=~ . 5%DZK/DZF%CF+CFP+CFM*( 1. +DZF/DZFF ) +CBM*DZB/DZF +VISF1
AB(I,J,K)= .5%DZK/DZBxCB+CBM+CBP*(1.+DZB/DZBB )+CFPxD2F/DZB+VISBl

AEE=~CEMxDXE/DXEE
AEER=AEE*UPD(IP2,J,K)
CONTINUE

A= -CHPXDXNW/ DX
ARWR=ARWXUPD(IM2,J,K)
CONTINUE

IF (J.LT.NJ) GOTO 805
ANN=0.

ARNR=0.

GOTO 806
ANN=-CNM*DYN/DYNN
ANNMR=ANNXUPDI I ,JP2,K)
CONTINUE

IF (J.6T.2) GOTO 807
ASS=0.

ASSR=0.

GCTO 808
ASS=-CSP*DYS/DYSS
ASSR=ASSXUPDII,JM2,K)
CONTINUE

IF {K.LT.NK) GOTO 809
AFF=0.

AFFR=0,

GOTO 810 .
AFF=-CFM%DZF/DZFF
AFFR=AFF*UPD(1,J,KP2)
CONTINUE

IF (K.GT.2) GOTO 811
ABB=0,

ABBR=0,

GOTO 812
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00202000
00202100
00202200
00202300
00202400
00202500
00202600
00202700
00202800
00202900
00203000
00203100
00203200
00203300
00203310
00203320
00203330
00203340
00203400
00203500
00203600
00203700
00203800
00203900
00204000
00204100
00204200
00204300
00204400
00204500
00204600
00204700
00204800
00204900
00205000
00205100
00205200
00205300
00205400
060205500
00205600
00205700
00205800
00205900
00206000
00206109
00206200
00206300
00206400
00206500
00206600
00206700
00206800
00206900
00207000

i |




E11 ABB=-CBP%D2B/D2RS 00207100

ASBR=ABB®UPD(I,J,KM2) 00207200

812 CONTINUE 00207300

00207400

00207500

(RS2 22222222222 222222232 2222222222323 222222222222 2222222222223 00207600

C RSBLRCRETAIIERAAILEARTUTSTLLABBINTTETARGRTILERURICRES DR 002067700

C %% MODIFICATION FOR DECK BOUNDARIES 00207800

00207900

900 CONTINUE 002089000

IF (NODtIM2,J,K).EQ.0) GOTO 901 00208100

AHN=0.0 00208200

AWWR=0.0 00208300

00208400

901 CONTINUE 00208500

IF (HOD(IP1,J,K}.EQ.0) GOTD 902 00208600

AEE=0.0 00208700

AEER=0.0 00208800

00208900

902 CONTINUE 00209000

IF (NOD(I,JUM1,K).EQ.0) GOTO 903 00209100

ASS=0.0 00209200

ASSR=0.0 002909300

00209400

903 CONTINUE 006209500

IF (NOD(I,JP1,K).EQ.0) GOTO 904 00209600

ANN=0.0 00209700

ANNR=0.0 00209800

904 CONTINUE 00209900

IF (NOD(I,J>KM1).EQ.O0) GOTO %05 00210000

ABB=0.0 00210100

ABBR=0.0 00210200

00210300

995 CONTINUE 00210400

IF (NOD(I,J,KP1).EQ.0) GOTO 906 00210500

AFF=0.0 00210600

AFFR=0.0 00210700

00210800

906 CONTINUE 00210900

C R R R TR RN R AR R RO C RN R R R E AR RNIRRIAINRRARIRANLALRAXARANGS 00211000

C R RS TR SRR R AR SRR BIRR AR USRS DR ACLRUBATRRRUCLRRARBINERNS 00211100

00211200

00211300

00211400

00211500

C %% SU FROM NORMAL STRESS 00211600

00211700

RES(SIGLI(I ',J,K)=(UCIPL1,J,K)-UIT ,J,K1)*VISE/DXE )*DYZE 00211800

RA=(SIG11(IML,JLK)=(WHI ,J,K}I-UCIMI,J,K)I%VISH/DXHW I%DYZH 00211200

RN=(SIG12(1I,JP1,K)=(UI,JPL1,K)-UtI,J K} I¥VISN/DYNI*DZXN 00212000

RS=1S1612(1,J ,LKI-(U(I,J ,HK)-U(I,JM1,K)I*VISS/DYS)I*DZXS 00212100

RF=(SIG13(I,J,KP1)-(ULI J,KPL)-U(I,J,K ) I#VISF/DZF )%DXYF 00212200

RB=(SIGI3(I,J4,K J=(U(I,J,K )-U(I,J,KM1)}*VISB/DZB I*DXYB 00212300

00212400

C exn SU FROM CURVED STRESSES AND ACCELERATIONS 00212500
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|3

5 00212600
’ AVG12:0.5%(SIG12(I,JP1,K)45IG12(1,J,K)) 00212700
AVG1270.5%1SIG13(1,J,KPL)+31IG1311,4,5K)) 00212800
AVEZ2=SILINISIGR2(1,J4,K},S5IG22(1IMY,J,K },DXE ,DXNH) 00212900
AVG33=SILIN(SIG33(1,J,K),SIG33(IM1,J,K),DXc,DXH) 00213000
00213100
AUl=U(T,J,K) 00213200
AUZ=BILIN(V(I ,JP1,K),VII ,J,K},0YJ,DYY, 00213300
] VIIM1,JP1,K),VIIML,J,K),DYJ,DYJ, DXE,DXW) 00213400
AUZ=BILIN(W(I ,J,KP1),W(I ,J,K},DZK,D2K, 00213500
2 W(IML1,J,KPL1),N(IML,J,K},02ZK,DZK, DXE,DXK) 00213600
00213700
AR=SILIN(R(I,J,K)},R(IM1,J,K),DXE,DXH) 00213800
00213900
ARU12=AR®AU1¥AU2 00214000
ARUL3=AR*AU1*AU3 00214100
ARUZ2=AR¥*AU2%AU2 00214200
ARU3Z3=ARXAU3*AU3 00214300
00214400
RRY={ AVG12~ARU12 )%*DZK*{ DXN-DXS ) 00214500
RRZ={AVG13-ARU13 )1%DY %! DXF-DXB ) 00214600
RRX={ AVG22-ARUZ22 1%DZK%*(DYE-DYW ) + 00214700
& (AVG33-ARU33 J%DYJIX(DZE-DZK) 00214800
00214900
AP(I,J,K)I=AELT »J,K)I+AWIT ,J,KI+AN(I,J,KI+AS(I,J,K) 00215000

1 +AF(I,J,K)+ABII,J,K J+AEE tANN+ANN+ASS+AFF +ABB 00215100
SP(I,J,K)=={ROD(I,J,K)}%DXW+ROD( IML,J,K )*DXE )/ DXW+DXE 1#VOLDT 00215200
SWI,J,K)= (ROD{I,J,K)%DXW+ROD(IML,J,KI*DXE )/{ DXW+DXE )%VOLDT 00215300
[ 4 *UOD(I,J,5K) 00215400
SULTI,J,K)=SUII,J,K ) ¢DYIXDZK %I PLIML,J,K)-P(I,J,K)}) 00215500
H +AEER+AHKR+ANNR+ASSR+AFFR+ABBR 00215600
H +RE ~RW#RN-RS+RF -RB+RRY +RRZ-RRX 00215700
&-BUOY#SIN(ZC(K I I*{ {RII,J,KI-REQ{I,J,K) 1%DXH%COS(XC(I))+tR(INM], €0215800
& J>KI-REQUIM1,J,K))%DXE*COSIXCIIM1) )}/ (DXH+DXE )%VOL 00215900
100 CONTINUE 00216000
00216100
C %xx TAKE CARE OF B.C. THRU AN,AS,AE,AN,AF,AB,SP AND SU 00216200
[of 00216300
C %xk RADIUS DIRECTION 00216400
00216500
DO 500 K=2,NK 00216600
DO 500 I=2,NI 00216700
cC SPII,2,K})=SP(1,2,K)+AS(1,2,K)} 00216800
SP(I,2,K1=3P(I,2,K)-AS(1,2,K) 00216900
SULI2,K)=3U(T,2,K)42.0%U(],1,K)%AS1I,2,K) 00217000
SPII,NJLKI=SP(I,NJ,K)I=-AN{I,NJ,K) 00217100
AN(TI,NJ,K)=0. 00217200
AS(I,2,K)=0. 00217300
500 CONTINUE 00217400
00217500
C 3 CYLIC CONDITION 00217600
00217700
DO 502 K=2,NK 00217800
00 502 J=2,NJ 00217900
SUL2 ,J,K)=8U02 ,J,K)$AWI2 ,J,K)%U(1 »J>K) 00218000
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SUINI ,J,K 1=SUINI ,J,K J+AE (NI ,J K I¥UINIPL,J,K } 00218100

AW(Z ,J,K)=0.0 00218200

AEINI,J,K}=0.0 00218300

' 502 CONTINUE 00218400

00218500

C wxn FRONT AND BACK WALLS 00218600

X 00218700

g DO 600 I=2,NI 00218800

DO 600 J=2,NJ 00218900

00212000

C e SLIP WALLS 00219100

SPIY,J,2)2SP11,J,2)44B(1,J,2) 00219200

SPUI5J,NK)=SPIT,J,NK)+AF(I,J,NK) 00219300

00219400

AFLI,J,NK)=0. 00219500

AB(I,J,2)=0, 00219600

600 CONTINUE 00219700

00219800

00219900

00220000

00220100

IF (NCHIP.EQ.0) GOTO 105 00220200

o 2 ida2 22 i iy P s o2 e B R P I T P Y Py SR OOy PP o 00220300

o R e e s S Yy et T ] 00220400

C wx* MODIFICATION FOR DECK BOUNDARIES 00220500

00220600

DO 101 N=1,NCHIP 00220700

IB=ICHPBIN) 00220800

IE=IB+NCHPI(N)-1 00220900

IpH1=IB~1 00221000

1EP1=1E+1 00221100

JBSJICHPB(N) 00221200

JESJUB4NCHPJIN -1 00221300

JsiM1l=Js-1 00221400

JEP1=JE+1 00221500

¥KB=KCKPBtN) 00221600

KE=KB4+NCHPK(N)-1 00221700

KBM1=KB-1 00221800

KEP1=KE+1 00221900

00222000

00 102 J=UB,JE-1 00222100

0D 102 K=t3,KE-1 00222200

AE(IBM1,J,K150.0 00222200

AHIIEPL,J,K)=0.0 00222400

00222500

162 CONTINUE 00222600

, 00222700

0O 103 I=IB,IE 00222800

DO 103 K=KB,KE-1 00222900

SP{I,JBM1,K)=SP(I,JBM1,K)-AN(T,JBM1,K) 60223000

AN(I,JBM1,K)=0.0 00223100

00223200

SP(I,JE,K)=SPII,JE,K)-AS(I,JE,K) 00223300

A511,JE,K)=0.0 00223400

103 CONTINUE 00223500
161




106

DO 106 I=IB,IE

DO 106 JsJB,JE-1
SP(I,J,KBM1=SP11,J,KBM]1)}-AF(1,J,KBML)
AF{1,J5KBM1)=0.0

SP1I,J,KE)I=SPtI,J,KE)-AB(I,J,KE)
AB(I,J,KE)=0.0
CONTINUE

FOR THE CELLS INSIDE OF THE DECKS

D0 104 I=IB,IE

DO 104 J=JB,JE-1
DO 104 K=KB,KE-~1
SP(I,J,K)=-1.0E20
AW(I,J,K)=0.
AE(I,J,K3=0,
AS(I,J,K1=0.
AN(I,J,K)=0.
SUI,J,K3=0.

10% CONTINUE
101 COMTINUE
105 CONTINUE
C ERRUBRARSARSCRSRESRURERRARTATRLSSRRERERRGARSRESTIRNTRRANRS
[of 32 22220 FRERUSUISRENREFTARRABIRRVSBEAEARBEBEIRANS FERITRE
C e ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS

301

C w%x

74

DO 301 K=2,NK

DO 301 J=2,NJ

00 301 I=2,NI
DYJ=YL(1,J,K,1,0)
DZK=2L(I,J,K,1,0)

OYZ=DYJ*D2ZK
APII,Jd,K)I=AP(I,J,K)-SPLI,4,K)
DUCI,J,K1=DYZ/AP(],J,K)}
CONTINVE

SOLVE FOR U
CALL TRID (2,2,2,NI,NJ,NK,U)

DO 74 I=2,NIP1

DO 74 J=2,NJP1l
U(I)J}l )=UlI,J,Zl
ULI,J>NKPL1)I=U(T,J,NK)
CONTINUE
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00223600
00223700
00223800
00223900
00224000
00224100
00224200
00224300
00224400
00224500
00224600
00224700
00224800
00224900
00225000
00225100
00225200
00225300
00225400
00225500
00225600
00225700
00225800
00225%00
00226000
00226100
00226200
00226300
00226400
00226500
00226600
00226700
00226800
00226900
00227000
00227100
00227200
00227300
00227400
00227500
00227600
00227700
00227800
0C227°00
00228000
00228100
002286200
00228300
00228400
00228500
00228600
00228700
00228800
00228900
00229000
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00229100

' DO 79 I=1,NIP1 00229200

h DO 79 K=1,NKP1l 00229300

c UI,1,K1=U(I,2,K) 00229400

79 CONTIRUE 00229500

3 00229000

00229700

IF (NCHIP.€Q.0) GOTO 112 00229800

3 C SUSESEATRAARICRARUESEITHSRERLASSALTETASLESARESLTSSTRLNREESS 00229900

’ C SEERABEIBSINSAINSATITESLAIRSAGETBESNERTRUSS 00230000

h C % RESET THE VELOCITY INSIDE OF DECK 00230100

. 00230200

9 DO 110 N=1,NCHIP 00230300

IB=ICHPB(N) 00230400

IE=IB+NCHPI(N]}-1 00230500

JB=JCHPB(N) 00230600

JE=UB4NCHPJIN)}-1 002320700

KB=KCHPB(N) 00230800

KE=KB+NCHPK(N)-1 00230900

DO 108 I=1I8,IE 00231000

DO 108 J=JB,JE-1 00231100

DO 103 K=KB,KE-1 00231200

UtI,J,K1=0.0 00231300

108 CCNTINUE 00231400

110 CONTINUE 006231500

112 CCONTINUE 00231600

C SEERIRNRIRIRTRTRTRLARESBISASARNRRRNBETREE TSRS 00231700

C SRR R R R R RN AINTRTLERBIRUTIREIARNBURFLAUSRSIIREATREIRRESARES LSS 00231800

0Cc319G0

RETURN 00232000

END 00232100

00232200

00232300

00232400

c 00222500

C T3 Tt T2 JE I I T JIE U6 T Fe T T 6 6 I 3 I I 3 I 36 96 FeIETeTE 36 I 2 9 JIEFIIEIE e 6 F6-I6 J I MIR e Je e 00232600

SUBRCUTINE CALV 00232700

C PP I I6 I 6 I JEIEIE FE I I I JEIETEIE D FEIE I I IEIEIEIE JEIE DEJET 16 J96 36 JE36 36 36 6 JHIE I3 J36 I JEFE I I 3 6% 002322800

00232900

COMMO:N/R4/7XC(1931,YC(93),2C(93),X%S(93)1,YS193),ZS5(93), 00233000

E DYXC193),DYYC193),DZZC(93),DXXS(92),DYYS5(193),D0225193) 00233100

COMMON/TLY/DX,DY,02,VOL ,DTIME ,VOLDT ,THOT,TCOOL,PI,Q,QR 00253200

COMMCH/BLT/NISNIPL ZNIML NJSNIPLNIML LN ,NKPY ,NKM1 00233300

& SNIP2,HJPZ,NKPZ,NA,NAP]L,NAM]L,NB,NBP ) ,NEM] ,KRUN,NCHIP ,NJRA,NWRP 00233400

COMIMON/BL1Z2/ NWRITE ,NTAPE ;NTMAXO,NTREAL , TIME ,SORSUM,ITER 00233500

COMMON/BL1e/ CONST1,CONST2,CONST3,CONSTG,CONSTS,NT,U0,H,UGRT ,BUOY ,00233600

& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP ,TWRITE , TTAPE » TMAX,GC,RAIR00233700

COMMON/BL20/SIG11122,16,32},51G12122,16,32),51622(22,16,32) 00232800

3 »S1613122,16,32),51523122,16,32),S1632(22,16,32) 00233900

COMMON/BL22/ICHFB(10),NCHPI(10},JCKPE{10),NCHPJ(10),KCHPB(10), 00234000

2 NCHPK(10),TCHP(101),CPSI10),CONS{10),HFAN(10) 00234100

COMMON/BL31/ TOO(22,10,32),R0D(22,16,32),P0D(22,1.,32) 00234200

& ,C00122,16,32),U0D122,16,32),Y0D122,16,32},K0D122,16,32) 00234300

COMMON/BL32/ T122,16,32)5R122,16,32),P(22,16,32) 00234400

& »C822,16,32),0122,16,32),V(22,16,32),WH122,16,32) 00234500
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COMMON/BL33/ TPDI22,16,321,RPD122,16,32),FPD122,16,32) 00234600
& »CPD122,10,32),UPD(22,16,32),VPD(22,16,32),HPD(22,16,32) 00234700
COMMON/BL34/ HEIGHT(122,10,32),REQ(22,16,32), 00234800
' 13 SMP(122,16,32),5MPP(22,16,32),PP(22,16,32), 00224%00
1 -4 DU(22,16,32),0V122,16432),0H(22,10,32) 00225000
b COMMON/BL30o/AP122,16,32),AE(22,10,321,ANI122,16,32},AN(22,16,32), 00225100
& AS022,10,30),AF122,16,30),4B122,16,3C, 00235200
] SP122,16,32),5U(22,16,32),RI(22,16,32) 00225300
COMMOI/BL37/ VIS(22,16,321,COND(22,16,32),N0D(22,26,32),RNALL(579)00235400
& »CPM(22,26,32),HE2(3,2),NHSZ2122,16,32),RESORM( 93} 00235500
00235600
00235700
4 C CALCULATE COEFFICIENTS 00235800
00235900
DO 100 K=2,NK 00236000
KP2=K+2 00236100
KP1=zK+1 00236200
KM1=K-1 002326300
KM2:=K-2 00236400
0O 100 J=3,NJ 00236500
JP2=J+2 002360600
JP1zJ+1 00236700
JH1=J-1 00236800
JMZ=J-2 00236900
DO 100 I=2,NI 00237000
IP2=1+2 00237100
IP1=2I+1 00237200
IM1=1-1 00237300
IM2=T-2 00237400
IF (1.EQ.2) IM2=NIM]1 00237500
IF (I.EG.NI) IP2=3 00237600
00237700
00237800
c CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00237900
00238000
DXP1=XL(IP1,J+K,2,0) 00238100
OXI =XLII ,J,K»2,0) 00238200
DXM1=XL({IM1,J,K,2,0) 00228300
00238400
DYP1=YL(I,JP1,K,2,0)} 00238500
DYJ =YLII»J ,L,K»Z&,01 00238000
DYM1=YL(1,JM1,K,2,0) 00228700
00238800
CZP1=2.(I,J,KP1,2,0) 00238900
D2 =ZLtI,J,K ,2,0) 002390600
C2in=2ZLi1,J,KM1,2,0) 00239100
00239200
C »*x SURFACE LENGTH OF THE CONTROL VOLUME 00239300
00235400
DXN=XL(1,JP1,K,2,2) 00239500
EXS=XLII,Jd ,K,2,2) 00239600
DXF=XL(I,J4,KP1,2,3) 00239700
D¥B=XLII,J,K ,2,3) 00239800
00239900
DYF=YL(I,J,KP1,2,3) 00240000
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C xx

C #xx

3

DYB=YL(I,J,K ,2,3)
DYE=YL(IP1,J,K,2,1)
DYW=YLII  ,J,K,2,1)

DZE=ZL(IP1,J4,K,2,1)
DZW=2L 1Y »JsKs2,1)
DZN=ZL(I)JP1 Ke2y2)
DZs=2L11,4 ’K»252)

CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME

DXEE=XLIIP2,J,K,2,1)
DXE =NL(IP1,J,K,2,1]
DX =XL(T 2J5K,2,1)
DXHNXLEIML,U,K,2,1)

DYNN=YL(I,JP2,K,2,2)
DYN =YL(I,JP1,K,2,2)
DYS =YL(I,J ,K,2,2)
0YSS=YL(I,JM1,K,2,2)

DZFF=ZL(X,J,KP2,2,3)
OZF =2L(I,J,KP1,2,3)
DZB =ZL(I,JK ,2,3)
DZBB=ZL(1,J,KM1,2,3)

DEFINE THE AREA OF THE CONTROL VOLUME

DXYF=DXFxDYF
DAYB=DXBxDYB
DYZE=DYExCZE
DYZW=DYH%DZW
DZXN=D2N#D»N
DZ¥S=DZS#DXS

VOL=BXI*DYJ%DZK
VOLDT=vOL/DTIME

2 OYN=D2¥N/DYN
ZrOYS=C2Z/S/DYS
»YCZF=2XY7/02ZF
Xi0ZB=0x/B/0Z3
YZOYE=DYZ2E/DYE
YZOAN=DYZN/ DM

USE SINGLE AND BI-LINEAR INTERPOLATION TO EVALUATE
PHYZICAL PROPERTIES AND FLUX ON THE SURFACES.

GEN=SILINIR{IP1,J ,K),R(I,J ,K),DXP1,DXI)»utIP1,J K)
GES=SILINIRIIPL,JML,K 1,RII,JML,K),DXP1,DXI J#U(IPL,JM]1,K )
GHN=SILINIRUIMY,J LK ),R(I,J LK),DXMI.OXIUIT ,J LK)
GWS=SILINIRUIML,JIML,K ),RII,JML,K),D%ML,OXT I%ULT  ,UML,K )
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00240100
00240200
00240300
00240400
00240500
00240600
00240700
00240800
00240900
00241000
00241100
00241200
00241300
00241400
00241500
00241600
00241700
00241800
00241900
00242000
00242100
00242200
00242300
00242400
00242500
00242600
00242700
00242800
00242900
00243000
00243100
00343200
00242300
00243400
00243500
00243600
00242700
00243800
00243900
00244000
00244100
C0244200
002443200
00244400
00244500
00244600
00244700
00244800
00244900
00245000
00245100
00245200
002¢5300
00245400
00245500
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e e
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»

: GN sSSILIN(R(I,JP1,K),R(I,J ,KI;DYNN,DYN)I%V(1,JP1,K) 00245600
) GP =SILIN(R{I,JM1,K},R(I,J ,K),DYS ,DYNI®RVII,J ,K) 00245700
GBS =SILIN(R(ILJIM2,K},RIIJML,K)»DYSS,DYS)IHVIIIML,K) 00245800
00245900
GFN=SILIN(R(I,J ,HKP1i,RtI,J ,K),DZP1,DZKI*H(I,J ,KP1} 00246000
] GFS=SILINIRII,UM1,KP1),RII,JM]1,K),DZF1,DZK 1%Hi X ,IM1,KP1) 00246100
GBN=SILIN(R(I,J HKM1),R(I,J ,K}:DZM1,DZKIMN(I,J LK ) 00246200
GBS=SILIN(R{I,JM1,KML),RUI,JIML1,K),DZML,D2ZK I*HII,JML,K ) 00246300
00246400
CN=0.5%(GN+GP 1#DZXN 00246500
CS5=0.5%(GP+GS )*DZXS 00246600
00246700
CE=SILIN(GEN,GES,DYN,DYS I#DYZE 00246800
CH=SILIN(GHN,GHS ,DYN,DYS )XDYZW 00246900
00247000
CF=SILINIGFN,GFS,DYN,DYS J*DXYF 00247100
CB=SILINIGBN,GBS,DYN,DYS ,<DXYB 00247200
00247300
VISN=VIS(I,J ,K) 00247400
VISS=VIS(I,JM1,K) 00247500
00247600
VISE= (VIS(IP1,J ,,K)I+VIS(I,J ,K)+ 00247700
2 VIS(IP1,IM1,K)+VIS(I,JM1,K))/¢.0 00247800
VISH= (VIS!IMl,J LK)I+VIS(I,J LK)+ 00247900
& VIGUIML,JIML,K)4VISII,JUM1,K)}/6.0 00248000
00248100
VISF= (VISUI,J HKPLl)4VISII,J LK)+ 00248200
& VIS(I,JM1,KPl)+VIS(I,JM1,K1}3/4.0 00248300
Vise= (VIS(I,J ,HKM1)+VISII,J ,K)+ 00248400
3 VIS({I,JIM1,KM1)+VISII,JM1,K) /4.0 00248500
00248600
00248700
00248800
VISN1=ZVOYN*VISN 00248900
VIS51:=2-0YS*VISS 00249000
VISE)=YZOXE*VISE 00249100
VISH1=YZOYK®VISH 00249200
VISF1=XYOZF#VISF 00249300
VISB1=XYOZB*VISB 00245400
00249500
C C0249600
CEP=(ABSICE )4CE 1%DXP1#DXI/{ DXE*{ DXE4DXH 1 1/8. 00249700
CEM=(ABCICE )-CE 1%DXP1#DXI/(D~E#1 DXE+DXEE ) )/8B. 00249800
CHP=LAESICHI4CH i%DXMI*D L/ (DXW*( DXH+DXWWN) }/8. 00249200
CHM=(ABSICH 1 -CH 1nDAM1I*CXI/(DAW= D¥N+DXE ))/8. 00250000
c 00250100
CHP={ABSICN)+CHI*DYN/DYJ/16. 03250200
CNM={ ABGICNI-CN 1¥DYN/DYP1/16. 00250300
CSP=(ABSICS)4CS )*DYS/DYML/16. 002504900
CSM={ABS(CS)-CS)*DYS/DYJ/16. 00250500
c 00250600
c 00250700
CFP=tABSICF )+CF 1%DZP1%DZK/{ DZF#( DZF+DZB ))/8. 00250800
CFM=(ABSICF )-CF )%¥DZP1#DZK/(DZF %1 DZF +DZFF ) )/8. 00250900
CBP=(ABS(CB J+CB 1*DZM1#DZV./( DZB*( DZB+DZBB ) )/8. 00251000
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- CBM=(ABS{CB )~CB )J*DZM1*DZK/( DZB*(DZB+DZF ))/8. 00251100
B ¢ 00251200
¢ 00251300

AE(I,J,K)=- 5#DXI/DXEXCE+CEP+CEMR( 1, +DXE/DXEE ) +CHMRDYIL/TIT 1VISEL 00251400

AKII,J,K1= . 5%DXI/DXH#CHCHM+CHP%( 1, ¢DXH/DXMA } ¢CEPXDXE /DXW+VISH]1 00251500

c 00251600
ANUI,J,K)=-.5%CN+CHP+CNM*( 1, +DYN/DYNN ) +CSM*DYS/DYN+VISN] 00251700

AS(I,J,K)= 5XCS+CSMeCSP( 1. +DYS/DYSS ) +CNP#DYN/DYS+VISS1 00251800

c 00251810

AFLI,J:K)=- . 5%DZK/DZF%CF+CFP+CFM=( 1, +DZF/DZFF )+CBM®xD2B/DZF+VISF1 00251820
AB(I,J,K)= .5%DZK/DZB*CB+CBM+CBP*(1, +DZB/DZBB )+CFP*D2F/DZB+VISB1l 00251830

c 00251840
. 00251900
801 AEE=-CEMxDXE/DXEE 00252000
AEER=AEE*VPDLIPZ,J,K) 00252100
802 CONTINUE 00252200
00252300
803 AKWW=-CHP%DXK/DXWH 00252400
ARNR=ARW®VPDIIM2,J,K) 00252500
804 CONTINUE 00252600
00252700
IF (J.LT.NJ) GOTO 805 00252800
ANN=0. 00252900
ANNR=0. 00253000
GOTO 806 00253100
805 ANN=-CNM*DYN/DYNN 00253200
ANNR=ANN®VPD(I,JP2,K) 00253300
806 CONTINUE 00253400
00253500
IF (J.6T.3) GOTO 807 00253600
ASS=0. 00253700
ASSR=0. 00253800
GOTO 808 00253200
807 ASS=-CSP#DYS/DYSS 00254000
ASSR=ASS*VPDII ,JM2,K) 00254100
808 CONTINUEZ 00254200
00254300
IF (K.LT.NK} GOTO 809 00254400
AFF=0. 00254500
AFFR=0. 00254600
GOTO 810 00254700
809 AFF=-CFM*DZF/DZFF 00254800
AFFR=AFF#VPD(I,J,KP2) 00254900
210 CONTINUE 00255000
00255100
IF {K.GT.2) GOTO 811 00255200
ABB=0, . 00255300
ABER=0. 00255400
GOTO 812 002£5500
811 ABB=-CEP*0ZB/DZBB 00255600
ABBR=ABB*VPD(],J,KM2) 00255700
812 CONTINUE 00255800
00255900
00256000
00256100

]

1
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o 888%:888"'!:‘83#8'83088'#8888#&'t8t8'818888888383'888‘888888 00256200
[of lSC’QS#’###%#!‘##8338888'88338SSG!G"S"'“'#'Q’U% 00256300
C wx% MODIFICATION FOR DECK BOUNDARIES 00256400
00256500
900 CONTINUE 00256600
IF (NOD(IM1,J,K).EQ.0) GOTO 901 00256700
AKR=0.0 00250800
AWKHR=0.0 00256900
00257000
901 CONTIMNUE 00257100
IF (NOD(IP1,J,K).EQ.0) GOTO 902 00257200
AEE=0.0 00257300
AEER=0.0 00257400
00257500
902 CONTINUE 00257600
IF (NOD(I,JM2,K).EQR.0) GOTO 903 00257700
ASS=0.0 00257800
ASSR=0.0 00257900
00258000
903 CONTINUE 00258100
IF (NOD(I,JP1,K}.EQ.0) GOTO 904 00258200
ANNZ=D,0 00258300
ANNR=0.0 00258400
00258500
904 CONTINUE 00258600
IF (NOD(I,J,KM1).EQ.0) GOTO 905 00258700
ABB=0.0 00258800
ABBR=0.0 00258900
00252000
905 CONTINUE 00259100
IF (NOD(I1,J,KP1}.EQ.0) GOTO 906 00259200
AFF=0.0 00259300
AFFR=0.0 00259400
906 CONTINUE 00259500
00259600
Cc :3:::3:#:::::::::8:3::a:szc::a:a:ttaw::::::s:a: 00259700
R 2 R T i s T T Y Y e S T T T JERARTRRESIRRNENS 00259800
00259900
00260000
C xx SU FROM NORMAL STRESS 00260100
00260200
RH=(51G22(1,J4 LK)-(V(I,SP1,K1-V(I,J »K ) I¥VISN/DYN 1#DZXN 00260300
RS=(SIG22(1,JM1,K )=t V(TI,J sK 1=VII,JM1,K ) IVISS/DYS i»D2YS 00260400
RE=(SIGI2(IP1,J,K)-(VIIPL,J,KI-VI(I,J »K ) I%VISE/DXE )*DYZE 00260500
RHU={3IG12(I ,J,Ki-(VI(1 »JsK 1=VIIML,,J,K ) I%YISH/DXH I*DYZH 00260600
RF=(SIG23(I,J,KP1)=(VII,J,KP1)1=-VII,J,K JI¥VISF/D2F I%DXYF 002¢0700
RB={SIG23(I,J,K })-{VI1,J,K J=VII,J,KM1 ) I%VISB/D2B 1*DXYB 00260800
. 00260900
[ SU FROM CURVED STRESSES AND ACCELERATIONS 00261000
00261100
AVG12=0.5%¥(SIG12(IP1,J,K 14SI1G1211,J,K)) 00261200
AVG23=0.S*ISIG23(IyJ.KPl)ststlI,J,Kll 00261300
AVG11=SILIN(SIGII(I,J;KI,SIGII(I,JHI:KI,DYN,DYS) 00261400
AVGBS=SIL1N(SIGSS(IyJ;K).SIGZS(I,JHI,K);DYN,DYS) 00261500
00261600
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100

C e
C
C ®%x%

cc

500

C %%x

502

AU2=V(I,J,K)

AUL=BILINIULIPL1,J ,K),U(I,J ,K),DXI,DXI,
& ULIPL,UM1,K )ULT ,JMA 5K J,UX1 ,DX1, DYN,DYS)
AUSSBILINIWIT  ,J,KP1),H(I  »,J,K),D2ZK,D2K,
& WOI,JM1,KPL),W(I,JM1,K),D2K,02K, DYN,DYS)

AR=SILIN(R(I,J,K),R(I,JM1,K),DYN,DYS)

ARU12=AR*AUL1#AU2
ARUZ3=AR®AUZ*AU3
ARU11=AR*AU1%AUl
ARU33=ARXAUI®AU3

RRX=(AVG12-ARU12 )*DZK*{ DYE-DYH)
RRZ=1 AVG23-ARU23 )%DXI*(DYF-DYB)
RRY=(AVG11-ARULL }*DZK#( DXN-DXS )+
3 ({AVG33-ARU33 )*DXI#*{ DZN-DZS)

AP{I,J,K)=AE(I,J,K)¢AN(T,J,KI+AN(I,J,KI+AS(I,J,K}

& +AF(I,J,KI4ABIYI,J,K)+AEE +AWN+ANN+ASS+AFF +ABB
SP{I,J,K1=-(RODII,J,K IXDYS+RCD(I,IML,K IDYN ]}/ DYS+DYNI*VOLDT
SU(I,J5K)= (ROD{I,J,KI%DYS+ROD(I,JIML,KI*DYN)/{DYS+DYN)*VOLOT

& #VOD(I,J,K]}

SULT»J,K)I=SULT,J,K 14DZKXDXI*{ P(I,IM]1,K)=-P(2,J,K))

& +AEER+AKKR+ANNR+ASSR+AFFR+ABBR
& +RE-RH+RN-RS +RF ~RB+RRX +RRZ-RRY
&
g

-BUOY*((RUI,J,K)-REQUI J,K})*0YS+(R(I,JIMI,K)
~REQII,JM1,K]})%®DYN)/(DYS+DYN)I%VOL%SINIZC(K ) )%SIN(XC(X))

CONTINUE

TAKE CARE OF B.C. THRU AN,AS,AE ,AW,AF ,AB,SP AND SU

RADIUS DIRECTION

DO 500 K=2,NK

DO 500 I=2,NI
SP(I,3,K)=5P(1,2,K)+45(1,3,K)
SUILI,3,K)=SUII,3,K)+AS(I,3,KI1%V(]I,2,K])
AStI,3,K)=0.

ANIT,HNI,K)=0.

CONTINUE

CYLIC CCNDITIONS

DO 502 K=2,NK

DO 502 J=3,NJ

SUIZ ,JrKIZSULZ UK I+AWI2 ,J,K)%¥V(] »JiK)
SUINI ,J,K)=SUINI ,J,K)+AE(NI ,J,KI%VINIP1,J,K)
AHI2Z ,J,K)=0.0

AEINI,J,K)=0.0

CONTINUE
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00261700
00261800
00201900
00262000
00262100
00262200
00262300
00262400
00262500
00262600
00262700
00262800
00262900
00263000
00263100
00263200
00263300
00263400
00263500
00263600
00263700
00263800
00263900
00264000
00264100
00264200
00264300
00264407
0026450¢
00264607
00264700
00264800
00264900
00265000
00265100
00265200
00265300
00265400
00265500
00265600
00265700
00265800
00265900
00266000
00266100
00265200
00260300
00266400
00266500
00266600
00266700
00266800
00266900
00267000
00267100




00267200

C #nx FRONT AND BACK KWALL 00267300
00267400

DO 600 I=2,NI 00267500

DO 600 J=3,NJ 00267600
JM1zJ-1 00267700
00267800

C *anx SLIP WALLS 00267900
SP(I5J52)=SP(1,J,2)4AB(1,4,2) 00268000
SP(I,J5NK)=SP(I,J,NK)+AF(1,J,NK) 00268100
00268200

AF(I,J,NK)=0. 00268300
AB(I,J4,2)=0. 00268400

600 CONTINUE 00268500
00268600

00268700

00268800

C SREURERSHRRRARETIERERECLRLD 222222222222tz -2 2222t 00268900
C %%x MODIFICATION FOR DECK BOUNDARIES 00269000
00269100

DO 101 N=1,NCHIP 00269200
IB=ICHPBI(N) 00269300
IE=IB4NCHPI{N)~1 00269400
IBM1=18-1 00269500
IEP1=IE+] 00269600
JB=JCHPBIN] 00269700
JE=JS+NCHPJ(N)-1 00269800
JBM1=2JB-1 00269900
JEP1=JE+1 00270000
KB=KCHPBIN) 0270100
KE=KB+NCHPK(N)-1 00270200
KBM1=KB-1 00270300
KEFl=KE+l 00270400
00270500

DO 102 J=UB,JE 00270500

DD 102 K=KB,KE-1 00270700
SPUIBM1,J,K)=SPLIBML,J,K)~AE(IBML,J,K) 00270800
AE(IBML,J,K)=0.0 00270900
00271000

SPUIEJ,K1=SPIIE,J,K)=-AWIIE ,Jd,K) 00271100
AWUIEL,J,K)1=0.0 00271200

102 COHTINUE 00271300
00271400

DO 103 I=1B,IE-1 00271500

DO 103 K=KB,KE-1 00271600
AN(I,JBML .K)1=0.0 00271700
AS{1,JEPL,K1=0.0 00271800

103 CONTINUE ’ 00271900
00272000

DO 106 I=1B,IE-1 00272100

DO 106 J=JB,JE 00272200
SP{I,J,KBM1)=5P(1,J,KBML }~AF(T,J,KBML) 00272300
AF(1,J,KBM1)=0.0 00272400
00272500

SP{I,J,KE)=SP(I,J,KE)-AB(X,J,KE) 00272600

AR
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ABLI,J,KE }=0.0 00272700

106 CONTINUE 00272800
00272900
060273000
C AR R RN RN R RN RSSO R SRR URRERRRSERERARRESLS 00273100
C R R RN R RN SR SR SN RO RE DR R RRCER NI R RCE R RIS LIRS 00273200
C »x% MODIFICATION FOR THE CELLS INSIDE OF THE DECKS 00272300
00273400
DO 104 1=1B,IE-1 00273500
DO 104 J=JB,JE 00273600
DO 104 K=KB,KE-1 00273700
SP(I,J,K)=~1.0E20 00273800
ARLTI,J,K)=0, 00273900
AE(I,J,K)=0, 00274000
ASII,J,K)=0. 00274100
AN(I,J,K)=0. 00274200
SUII,Jd,K)=0, 002764300
104 CONTINUE 00274400
101 CONTINUE 00274500
105 CONTINUE 00274600
00274700
00274800
00274900
C AR R R TR R IR IR TR RAR AR ISR R R RASAREARRES AL 00275000
C AR RN R SRR AR SRS D SR SRR RS R RIS RETSEESAIIRNRSANE 00275100
C 00275200
C xx ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00275300
00275400
DO 300 K=2,NK 00275500
DO 300 J=3,NJ 00275600
DO 300 I=2,NI 00275700
DXI=XL(1,J,K,2,0) 00275800
DZK=2ZL{I,J,K,2,0) 00275900
DZX=DZK*DXI 00276000
APUI,J,K1=AP(]I,4,K}1-SP(I,J,K) 00276100
BVII,J,KI=02X/AP(I,J,K} 00276200
300 CONTINUE 00270300
00276400
00276500
C %x%  SOLVE FOR V 00270600
00276700
002768900
CALL TRID (2,3,2,NI,NJ,NK,V) 002764900
00277000
00277100
DO 76 I=2,NIP1 00277200
DO 74 J=2,NJP1 00277300
VII,4,1)=V(15J,2) 00277400
VII5JsNKPL)=VII,J,NK) 00277500
7% CONTINUE 00277600
DO 79 1=1,NIP1 00277700
00 79 K=1,NKP1 00277800
c VII,2,K)=V(I,3,K) 00277900
79 CONTINUE 00278000
0o278100

171




i
l
L
_ IF (NCMIP.EQ.0) GOTO 112
C FERCETUREATREARTENERIERTRERICRERIARATSIRTELAERNATSEITIGTE
C BRETRIEIRITITSRARAITARIRSIRTIRABIAITABIRERNAT
C *wx RESET THE VELOCITY INSIDE OF THE DECKS
i DO 110 N=1,NCHIP
IB=ICHPB(N)
IESIB+NCHPI(N}-1
{ JB=JCHPB(N)
' JE=JB#NCHPJIN) -1
. KB=KCHPBIN)
3 KE=KB4+NCHPK (N )-1
- DO 108 I=1B,IE-1
DO 108 J=JB,JE
DO 108 K=KB,KE-1
Vi1,J,K)=0.0
108 CONTINUE
110 CONTINUE
112 CONTINUE

C RRRCARGRATBRAARRRNBUTETRERTANRITALQCATRRERNRAREE
C BRSBRIBIREARRRARFENERBRREARIRASBURRIBARETIBLABRIBIRIITARURRATUSS

RETURN
END

c

c L L T T et
SUBROUTINE CALK

c B9 3626 96U FEIEIIEIEN 32 FEIEIEIIE I JIEIEIEIE I JEHIEIIEIE U6 36 320 336 96 JE I FEHE I I FIIIE NI I
COMMON/RG/XKC(93),YC(93),2C193),XS(93),YS(93),25(93),
& DXXC{93),DYYC193),D22C( 93 1,D¥XS(93),DYYS(92),DZZS(93)

CoMMON/BL1/DX,DY,D2,VOL,DTIME,,VOLDT,THOT, TCOOL ,P1,Q,GR
COMMON/BL7/NI ZNIPL S NIML ,NJ,NIPL,NJML S NK sNKP L, NKML

& HNIPZ,NJPZ2,NKP2,NA,NAPL,NAH],NS,NBP1,NBM1 ,KRUN,NCHIP ;NJRA ,NWRP
COMMOH/BL12/ NWRITE,NTAPE ,NTMAXO,NTREAL » TIME ,SORSUM, ITER

COMMON/BL20/S1G11(22,16,32),31612122,16,32),S16G22122,16,32)

& »SIG13(22,16,32),51G23122,16,32),51633(22,16,32)
COMMON/BL22/ICHPBIL10),NCHPI(10),JCHPB(10),NCHPJ(10),KCHFB(10),
] NCHPX(10),TCHP(10),CPS110),CONSI10),WFAN(10)

COMMON/BL31/ TOD(22,16,32),R0D(22,16,321,P00022,16,32)
& ,C0Di{22,16,32),U0D0122510,32},V0D(22,16,32),WI0122,16,32)
COMMON/EL32/ T(22,16,32),R(22,16,321,P(22,16,32)

] »C122,16,32),U1022,16,32),V(22,16,32),KW(22,16,32)
COMMON/BL33/ TPDL22,16,321,RPD(22,16,32),PPD(22,16,32)
& »CPD(22,16,32),UPD122,16,32),VPD(22,16,32),HPD(22,16,32)
COMMON/BL34/ HEIGHMT(22,16,32),REQ(22,16,32),
4 SMP122,16,32),5MPP(22,16,32),PP122,16,32),
1 DU122,16,32),DV(22,16,32),DH(22,16,32)
COMMON/BL36/AP122,16,32),AE(22,16,32),AH(22,16,32),AN(22,16,32),
& AS(22,16,32),AF(22,16,32),AB(22,16,32),
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00278200
00278300
00278400
00278500
00278600
00278700
00278800
00278900
00279000
00279100
00279200
00279300
C3279400
00279500
00279600
00279700
00279800
00279900
00280000
00280100
00280200
00280300
00280400
00280500
00280600
00280700
00280800
00280900
00281000
002821100
00281200
00281300
00281400
00281500
00281600
00281700
00231800
00281900

COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT,U0,H,UGRT ,BU0Y,00282000
& CPO,PRT,CONDO,VISO,RKO0,HR,TR,TA,OTEMP ,TWRITE ,TTAPE , TMAX,GC,RAIR00282100

€0282200
0028&2300
00282400
00282500
00282600
002E2700
00282800
00282900
00283000
00283100
00283200
00283300
00283400
00283500
00283600




'l SP(22,16,32),5U(22,16,321,R1122,16,32) 00282700
COMMON/BL37/ VIS(22,16,32),COND(22,16,32),N0D(22,16,32),RHALL(579100283800
3 »CPMU22,16,32),HSZ13%,2),NHSZ(22,16,32 ) ,RESORM( 93 ) 00283900
00284000
00284100
C nwx CALCULATE COEFFICIENTS 00284200
00284300
DO 100 K=3,NX 00284400
KP2=K+2 00284500
KP1=K+l 00284600
KM1=K-1 00284700
KM2=K-2 00284800
DO 100 J=2,NJ 00284900
JP2=J+2 . 00285000
JP1zJsl 00285100
JM1=J-1 00285200
JM2=d-2 00285300
DO 100 I=2,NI 00285400
IP2=1+2 : 00285500
IP1=I+1 00285600
IM1=I-1 00285700
IM2=1-2 00285800
IF (I.EQ.2} IM2=NIM1 00265900
IF (I1.EQ.NI) IP223 00256000
00286100
00286200
[ CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00286300
00286400
DXP1=XL(IP1,J,K,3,0) 07286500
DXI =XLI{I ,J,K,3,0) 00286600
DXM1=XL{IM1,J,K,3,0) 00286700
00286800
DYP1=YL(I,JP1,K,3,0) 00286900
DYJ =YL{I,J ,K,3,0) 00287000
DYM1=YL{I,JM1,K,3,0) 00287100
00287200
DZP1=ZL(1,J,KP1,3,0) 00287300
DZK =2L(I,J0,¥K »3,0) 00287400
DZM1=ZL(1,J,KM1,3,0) 00287500
00287500
C #xx SURFACE LENGTH OF THE CONTROL VOLUME 00287700
00287800
DXN=XL(I,JP1,K,3,2) 00287900
I¥SEXLII NS HK,»3,2) 00288000
DXF=¥L1I,J,KP1,3,3) 00282100
DXB=XL(I,J,K ,3,3) 00283200
00288300
DYF=YL(I,J,KP1,3,3) 00288400
DYB=YL(I,J,K ,3,3} 00288500
CYE=YL(IPI,J,K,3,1] 00288600
DYW=YL(I ,J,K,3,1) 00288700
00288800
DZE=2L(IP1,J,K,3,1) 00288900
D2ZH=2Lt1 »JsK33,1) 00289000
DZN=ZL(1,JP1,K,3,2) ’ 00289100
173 *




C %xx

&

B2S=ZL(I,J 3K,3,2)

CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME

DXEE=XL(IP2,4,K,3,1)
DXE =XL(IP1l,J,K,3,1)
DXW =XL(IX »JrK>3,11)
DXHH=XL(IM1,4,5K53,1)

DYNN=YL( I;JPZ 'K»3,2)
DYN =YL{I,JP1,K,3,2)
DYS =YL(I,J ,K,3,2)
DYSS=YL(I,JM1,K,3,2)

DZFF=ZL(I,J,KP2,3,3)
DZ2F =ZL(1,J,KP1,3,3)
DZB =ZL{I,J,K ,3,3)
DZBB=ZL(I,J,KM1,3,3)

DEFINE THE AREA OF THE CONTROL VOLUME

DXYF=DXF*DYF
DXYB=DXB*DYB
DYZE=DYE*DZE
DYZHW=DYHXDZHW
DZXN=DZN*DXN
DZXS=DZS*DXS

VOL =DXI*DYJS%DZK
VOLDT=VOL/DTIME

ZXOYN=DZXN/DYN
ZX0YS=DZXS/DYS
XYOZF=DXYF/DZF
XY0ZB8=DXYB/DZB
YZOrE=DYZE/DKE
YZOXH=DYZH/DXK

USE SINGLE AND BI-LINEAR IMNTERPOLATION TO EVALUATE
PHYSICAL PROPERTIES AND FLUX ON THE SURFACES.

GNF=SILINIR(I,JP1,K ),RII,J,K  ),DYPL,DYJI*VII,JUPL,K )
GHB=SILINIR(I,JP1,KML1),RII,J,KML),DYPL,DYJ VI ,JUPL1,KM1)
GSF=SILIM(R(I,JM1,K ),R(I,J,K ),0YML,DYJ)I*VII,J K )
GSB=SILIN(R(I,JML,KM1),RII,J,KM1),DYMI,DYJI%V(I,J ,KML1)

GF =3ILIN(R(I,J,KP1),R(I,JsK ),DZFF,DZF I%H(I,J,KP1)
GP =SILIN(R(I,J,KM1J,R(I,J,K J,0ZB ,DZF IXH{I,J,K )
GB =SILIN(R(I,J,KM2),R1I,J>KM1;},02BB,DZB)%NII,J,KM1)

GEF=SILIN(R{IP1,J,K },R(I,J,K ),DXP1,DXII*U(IP1,J,K )

GEBaSILIN(R(IPL,J,KM1),R(I,J,KM1),DXP1,0XI I%U(IP1,J,KM1)
GWF=SILIN(R(IM1,J,K ),RII,J,K ),0XM1,OXII*U(I ,J,K )
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GWB=SILIN(RIIM1,J,KM1),R1T,J5KML),DXML,DXI )%U(I ,J,KM1)

CF=0.5#( GF +GP 1%DXYF
CB=0.5%{GP+GB )*DXYB

CN=SILIN(GNF,GNB,DZF ,DZB 1%DZXN
CS=SILIN(GSF,GSB,D2F ,DZB 1*DZXS

CE=SILIN(GEF,GEB,D2F,DZB 1%DYZE
CH=SILIN{GWF ,GHB ,D2F ,0ZB 1%DYZH

VISF=VIS(I,J»K )
YISB=VIS(I,J,KM1)

YISN= (VIS(I,JP1,K J4VIS(I,J,K )+
] VISUI»JP1,KM1)+VISII J,KML1})/4.0
VISS= (VIS(I,JML1,K )eVIS(I,JrK )+
] YIS(1,JM1,KM1)+VIS(1,J4,KM)1))/4.0
VISE= (VISIIP1,J,K )VISII,J,K )¢
2 VIS(IP1l,J,KM1)+VIS(I,J,KM1))/6.0
VISH= IVISIIMI,JK  I4#VISII,JK )+
2 VIS(IMi,J,KM1)+VIS(I,J,KM1))/4.0

VISN1=ZXOYN®VISN
VISS1=ZX0YS*VISS
VISE1=YZOXE*VISE
VISH1=YZOXW®VISH
VISF1=XYOZF#VISF
VISB1=XYOZB*VISB

CEP=(ABSICE Y+CE 1#DXP1%DXI/( DXE*{ DXE+DXH )} 1/8.
CEM=(ABS{CE 1-CE )*DXP1*DXI/( DXE%( DXE+DXEE ) }/8.
CHP=L ABSICH ) #CH X DXMI*DXT/{ DXW# [ DXH+DXHN ) )/8,
CHM={ ABSICK ) -CH 1%DAMI%DXI/( DXW*( DXH4DXE ))/8.

CHP={ ABSICN}+CN I*DYP1%DYJ/( DYN* I DYN+DYS ))/8.
CNM=LABS(CNI-CNI#DYP1*DYJ/{ DYN*(DYN+DYNN) )/8.
CSP=(ABSICS 14CS 1#DYMI*DYJ /1 DYS*{DYS+DYSS ) )/8.
CSM=(ABSICS )-CS )I%DYMI*DTJI/(DYS*(DYS+DYN ))/8.

CFP=(ABSICF 14CF )*xDZfF/D2ZK/16.
CFM=( ARSI CF)-CF 1%DZF/D2ZP1/16.
CBP={ ABSiCB 14CB)*DZB/DZM1/16.
CBM=( ABS(CB 1-CB )*D2B/D2r/16.

KE(I,J,K 1=~ 5%DXI/DXE*CE+CEP+CEM*( 1. +DXE/DXEE ) +CHMxDXW/DXE +VISEL
AR(I,J,K )2 E*DXI/DXHXCHCHMSCHP®( 1. 4 DXH/DXWH ) +CEP#DXE /DX +VISHL
AN(T ,J,K 12 5¥DYJ/DYNXCN+CNP +CNM*( 1. 4DYN/DYNN 14CSM=DYS/DYN+VISNL
AS(I,J,K)= ,5%¥DYJ/DYS*CS+CSM+CSP*( 1, +DYS/DYSS )+CNP%DYN/DYS+VISS1

AF(I,J,K)== SxCF+CFP+CFM*( 1. +DZF/DZFF ) +CBM*D2ZB/DZF +VISF1
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(s Nelel

ABLI,J,K)= .5xCB+CBM+CBP*(1.+0ZB/DZBB )+CFP*DZF/DZB+VISC1

801 AEE=-CEMxDXE/DXEE
AEER=AEE*WPDIIPZ,J,K)
802 CONTINUE

803 AWM= -CHP*DXR/DXHNW
ARHR=AWKXWPD( IM2,J,K)
804 CONTINUE

IF (J.LT.NJ) GOTO 805
ANN=0.
ANNR=0.
GOTO 806
805 ANN=-CNM*DYN/DYNN
ANNR=ANN®WPD( I ,JP2,K )
806 CONTINUE

IF (J.GT.2) GOTO 807
ASS=0.
ASSR=0.
€0TO 808
807 ASS=-CSP*DYS/DYSS
ASSR=ASS*#WPO(I,J12,K)
808 CONTINUE

IF (K.LT.NK) GOTOQ 809
AFF=0.
AFFR=0.
GOTO 810
809 AFF=-CFM*DZF/DZFF
AFFR=AFF%WPD(I,4,KP2)
810 CONTINUE

IF (X.GT.3) GOTO 811
ABB=0,
ABSR=0.
GJ70 812
811 AEB=-CBP*DZB/DZBE
ABBR=ABB*WPD(I,J,KM2)
€12 CONTINUE

Liastan s 22222222 a 2222 aia 2 2Rt 2Rt 222222 2222222212 20
R R R SRR AR RANBRNRARLLRIRRTERITELFERRURARIRNES
#%x MODIFICATION FGR GECK BOUNDARIES

900 CONTINUE
IF (NCD(IM1,J,K).EQ.0) GOTO 901
ArlH=0.0
AWWR=0.0

901 CONTINUE
IF (NOD(IP1,J,K).EQ.0) GOTO 902
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00300110
00300129
00300200
00300300
00300400
00300500
00300600
003200700
00300800
003002900
00301000
00301100
00301200
00301300
00301400
00301500
00301609
00301700
00301800
00301900
00302000
00302100
00302200
00302300
00302400
00302500
003202600
00302700
00302800
00302900
00303000
00303100
003G3200
00303300
00303400
00303500
09303600
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00303800
00303900
00304000
002064100
0023204200
00304300
00304400
00304500
00204600
00204700
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903

904

905

906
C e
C #8%

C %¥n

C %%x

LEE=0.0
AEER=3.0

CONTINUE
IF (NOD(I,JUM1,K).EQ.0) GOTO 903
ASS=0.0
ASSR=].0

CONTINUE
IF (NOD(I,JP1,K).EQ.0) GOTO 904
ANN=0.0
ANNR=0.0

CONTINUE
IF (NOD(I,J,KM2).EQ.0) GOTO 905
ABB=0.0
ABBR=0.0

CONTINUE
IF (NCD(I,J,KP1).EQ.0) GOTO 906
AFF=C.0
AFFR=0.0
CONTINUE

RRRRRERRARARFITRERNARHASIABARIRAASRCIRASANGES
AR I R RN R IR IR R RN SR B S LR R RN IR AR USSR LCSRRBERRENS

SU FROM NORMAL STRESS

RF=(SIG33(I,J,K )-(HII,J,KP1)-K(I,J,K )I*VISF/D2ZF )*xDXYF
RB=(SIG33(I,J,KMLI=(HII,J5K }-WII,J,KM1))%VISB/DZB )*DXYB
RNZ{SIG23(1,JP1,K)=tRILI,JPL,KI-KII,J ,KI1I*VISN/DYN I%DZXN
RS=(SIG23(I,J HKI-(KW(I,J ,KI-W(I,JM1,K]I¥VISS/DYS )%D2ZXS
REZ(SICIZ(IPL,J5K)-IHIIPL,J,KI-HIT ,J,K))%/ISE/DXE 1%DY2ZE
RW={SIBI3(T  ,JoK)-URII  5J,K)=-KIIML,J,K ) IRVISIH/DXH )%DYZN

SU FROM CURVED STRESSES AND ACCELERATIONS

AVGZ3=0.5%(SIG23(I,JPL,K)+3IG23(1,4,K))
AVG13=0,E%(SIG13{IP1,J,K 1+SIG13(1,U,K))
AVG22=3ILINISIG2211,J4,K ),51622(1,4,KM1),D2F,DZB)
AVG11=SILIN(SIG11(1,J,K},51G11(1,J,KML1),D2F,D2B)

AUZ=H(I,J.K)
AUZ=BILIN(VI(I,JPL,K ),ViI,J,K 1,DYJ,DYJ,

& V(35JP1,KM1},V1I,J,KM1),DYJ,DYJ, DZF,DZB)
AUL=BILINIULIPL,J,K ),ULI,J,K ),D%I,DXI,
& ULIP1,J5KM1),U(X,0,KM1),DXI,DXI, DZF,DZB)

AR=SILIN(R(I,J,K),R(I,J,KMY),D2F,D2ZB)
ARU23=AR*AU2¥AU3

ARU1I3=AR*AU1%*AU3
ARUZ22=AR*AUZ*AUZ
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00306900
00307000
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. ARU11=AR*AUL*AUL

RRY=(AVG23-ARUZ3 I%DXI*#( DZN-DZ5 }
RRX=(AVG13~ARUL3 1%DY % DZE-DZHW )
RRZ=(AVGZ22-ARU22 1*DXI*(DYF-DYB )+
& (AVG11~ARUL1 }¥DYJ%*(DXF-D¥B )

AP(I,J,K)=AE(I.J,K)¢AH(I,J,Kl#ANlI,J,K)+AS(I.J.K)

& +AF(I,0,K)+ABIT,J,K J+AEE +ANN+ANN+ASS+AFF +ABB
SP(I,J,Ki=-lROD(I,J,K)*DZB’ROD(I.J,KMIl*DZF)/(DZBODZF)*VOLDT
SULI,J,K )= {RODII,J,K )%DZB4ROD! I ,J,KM1 )%DZF }/( DZB+DZF }#VOLDT

& *HOD(I,J,K)
SU(I,J,K!=SU(I,J,KI+DXI*DYJ*(P(I,J,KM1l-P(I,J,K))

g +AEER+AWWR + ANNR+ASSR+AFFR+ABBR

] +RE ~RH+RN-RS+RF -RB ¢+RRY +RRX~RRZ

& -BUOY*((RlI,J,K)-REQlI,J,K)l*DZB*COS(ZC(K)lO(R(I,J,

s KMl)-REQ‘I,J;KMI))*DZF*COS(ZC(KHI)))/(DZB*DZFJ*VOL*SINIXCII))
100 CONTINUE
C % TAKE CARE OF B.C. THRU AN,AS,AE,AW,AP AND SU
c
C wexx RADIUS DIRECTION

DO 500 K=3,NK
DO 500 I=2,NI
KM1=K-1

cC SP(I1,2,K)=SP(1,2,K)I+AS(1,2,K)
SP1{I,2,K)=SP(I,2,K1-AS(] »25K)
SUIT,2,K)=SUlI,2,K)42.0»K(1,1,K)1%AS(1,2,K)
SPUI,NJ>KI=SPIILNJ,KI=ANLI JNJ,K )
AS(I,2,K})=0.
ANUI,NJ,K)=0.

500 CONTINUE

C %% CYLIC CONDITIONS

DO 502 K=3,NK
D0 B02 J=2,NJ
SUL2 5J5K1SSUI2 HJd,K 14AKI2 ,J,K I%K( 1 sJHK )
SUENI» 5K 1=SUINI ,J,K )+ AE (NI, J,K JXKINIPL ,J,K )
AHL2 ,J,K)1=0.0
AEINI,J3K)=0.0

502 CONTINUE

C ®xx FRONT AND BACK WALL

DO 600 I=2,NI

DO 600 J=2,NJ
SPUI,JsNK)I=SPIT ,J,NK )+AFL T, NK )
SPII,J53 )1=5P(1,J,3 J+AB(I1,J,3 )
AF(I,JsNK)=0,

AB(I,J,3)=D,

600 CONTINUE

178

00311000
00311100
00311200
00211300
00311400
00211500
00211600
00311700
00311800
00311900
00312006
00312100
00312200
00312300
00312400
00312500
00312600
00312700
00312800
00312900
00313000
00313100
00212200
00313300
00313400
00313500
00313600
00313700
00313800
00313900
00314000
00314100
C0314200
00314300
00314400
00214500
00214600
00314700
00214800
00314500
00315000
00315100
00215200
00315300
00315400
00215500
00315600
00315700
00315800
00315900
00316000
00316100
00316260
00316300
00316400



IF {NCHIP.EQ.0) GOTO 105

C SESFTEFRTINERENARESSRRISNTURSEFOERASRINTEENREEREBRNANNS
C SERSRTEERERLARERCARSRRARRERARIAERTIITINEGS

C dew

102

106

C wmun

MODIFICATION FOR DECK BOUNDARIES

D0 101 N=1,NCHIP
IB=ICHPBIN)
IE=IB+NCHPI(N)-1
IeM1=1B-~1
IEP1=IE+]l
JB=JCHPB(N)
JE=JB+NCHPJ(N)-1
JBM1=JB-1
JEP1=JE+1
KB=KCHPB(N]}
KE=KB+NCHPKIN)-1
KBM1=KB-1
KEP1=KE+1

D0 102 J=JB,JE-1

DO 102 K=KB,KE
SP(IBM1»J,KI=SPIIBML,J,K)-AE(IBML,J,5K}
SULIBM1,J,K 1=SULIBML,J,K3¢AE(IBML,J,K IRWFANINI%2.0
AE(IBM1,J,K)=0.0

SPIIE,J,KI=SPIIE,J»KI-AKIIE,J,K)
SULIE ,J,K)=SULTIE,,J»K)+ANHIIE ,J,K JXNFAN(N)*2.0
ARLIE,J>K)=0.0

CONTINUE

DO 103 I=1B,IE-1

DO 103 K=KB,KE
SP(I,JB8HM1,K)=SP(I,JBM1,KI-AN(T,JBM1,K]
SULT,JBM1,K 15SUIT,JBML,K J¢ANL I ,JBML,K )#HFANINI%2.0
ANUI,JEBM1,K)=0.0

SPI1,JE ,K)=SPII,JE,KI1-AS(],JE,K)

SULTL,JE K 1=SUI T ,JE K )+ASII,JE K WHFANIN }%2.0
AS1I,JE.N)=0.0

CONTINUE

00 106 I=IB,IE-1

DO 106 J=J&,JE-1
SUIT,J,KBMY)=SUITI,J,KBMI)I+AF({],J,KBM) )sHFANIN)
SULT,JHVEPL11=SULT,J,KEPL1 )+ABI1,J,KLEPL )=HFANIN)
AF(I,J,KBM1)=0.0

AB(I,J,KEP1)=0.0

CONTINUE

FOR THE CELLS INSIDE OF THE DECKS
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104
101
105

DO 104 I=IB,IlE-1
DO 104 J=JB,JE-1
00 104 K=KB,KE
SP{1,J,K1=-1.0E2
RW(I,J,K)=0.
AE(I,J5K 120,
AS(I,J,K)=0.
AR(I»J,K)=0.
AB(I,J5K) = O.
AF(I,JK) = 0.
SULT,J5K}1=1.0E2 % WFAN(N)
CONTINUE
CONTINUE
CONTINUE

(SR 2 i 232222222 222222222222 2z slzgsz L)

C SARRTIRAERREERUTAERATLULSRFTRUSR SRR FRASERIRNSESRRSRLENS

C wnn

301

C %xx

76

C AR RN R AN R R AR IR RN AL AR RN AR RCRUTRTRSBARSARRACIRARIIRNRERANS
C RN R R RN IR AR SRR AR RN AT A RERRNCE D ARBAFETRRURRERFARRCRBLSS
C »x= RESET THE VELOCITY INSIDE OF THE DECKS

ASSEMBLE COEFFICLENTS AND SOLVE DIFFERENCE EQUATIONS

00 301 K=3,NK

DO 301 J=2,NJ

DO 301 I=2,NL
DXI=XL(I,J,K,3,0)
DYJ=YL(I,4,K,3,0)

DXY=DXI*DYJ
AP{I,J,K)=AP({I,J,K}-SP(I,J,K)
DHII,J,K)=DXY/AP(I,J,K)
CONTINUE

SOLVE FOR W

CALL TRID 12,2,3,NI,NJ,NK,H)

DO 76 I=1,NI

DO 76 J=1,NJ
HiI,Js2V¥=H(I,J,3)
W(I,J,NKPLIZNIT,J5NK )
CONTINUE

IF (NCHIP.EQ.0) GOTO 112

DO 110 N=1,NCHIP
IB=ICHPB(N)
IE=IB+NCHPI(N)-1
JB=JCHPB(N)
JE=JUB4NCHPJ(N)-1
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00321300
00321400
00321500
00321600
00321700
00321800
00321900
00322000

00322100
00322200
00322300
00322400
00322500
00322600
00322700
00322800
00322900
00323000
00323100
00322200
00323300
00323400
00323500
00323600
00323700
00323800
00323900
00324000
00324100
00324200
00324300
00324400
G032%5090
00324600
00324700
00324800
00324900
00325000
00325100
00325200
00325300
00325400
00325500
00325600
00325700
00325800
00325900
00326000
00326100
00326200
00326300
00326400
00326500




KB=KCHPBIN 00325600

KE=KB+NChPKIN)-1 00326700
00326791

DO 108 I=218,IE-1 00326800

O 108 J=JB,JE-1 00326900

GO 103 K=KB,KE 00327000
WLI,J,K)I=HFANIN) 00327100

108 CONTINUE 00327200
110 CONTINUE 00327300
112 CONTINUE 00327400
00327500

RETURN 00327600

END 00327700
00327800

00327900

c -- - 00328000
SUBROUTINE CALP 00328200

c FEIEIE I FAIEI I I NI NI HEI I ITEN I I TEIIHIEIE I FIEIHEE I S 00328300
COMMON/RG/XC(93),YC(1©93),2C(93),XS(93),Y5(93),25193), 00328400

4 DXXC(93),DYYC(93),B22C(93),DXXS(93),DYYS(93),022S(93) 00328500
COMIMON/BL1/DX,DY,DZ,VOL ,0TIME ,VOLOT , THOT ,TCO0i. ,PI,Q,>QR 00328600
COMMON/BLZ/NI ,NIP1,NIM1,NJ,NJPL,NJM1,NK ,NKP1 ,NKM1 00328700

& HNIPZ2,NJP2,N\P2,NA,;NAP]1,NAM]1,NB,NBPL,NBM]1,KRUN,NCHIP ,NJRA,NHRP 00328300
COMMON/BLY2/ NHRITE ,NTAPE ,NTMAXO,NTREAL , TIME ,SORSUM,ITER 00328900

COMMON/BL16/ CONSTL,COMNST2,CONST3,CONST4,CONSTo sNT ,UO,H,UGRT ,BU0Y,00329000
& CPO,PRT,CONDO,VISO,RHCO,HR,TR,TA,DTEMP ,THRITE , TTAPE , TMAX,GC,RAIR00329100
COMMON/BL22/1ICHPB(10 ) ,NCHPI{10),JCHPB(10),NCHPJ110),KCHPBI1D ), 00529200

2 HCHPK(103},TCHP(10),CPS(10),CONS(10),WFANIL10) 00329300
COMMON/BL31/ TOD(22,10,32),ROD(22,16,32),P0D122,16,32) 00329400
& »COD(22,16,32},U0D(22,16,32),V0D(22,16,32),K00(22,16,32) 00329500
COMMON/BL32/ T122,16,32),Rt22,16,32),P(22,16,32) 00329600
& »C122,26,32),U(22,16,32),V122,16,32),H122,16.32) 00329700
COMMON/BL33/ TPD(22,16,32),RPDI22,16,32),PPD(22,16,32) 00329800
& sCFD(22,10,32),UPD(22,16,32),VPD(22,16,32),WPD(22,16,32) 00229900
COMMON/BL3G/ HEIGHT122,16,32),REQL122,16,32), 00330000
3 SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00330100
& DU{22,16,32),DV122,16,32),DW122,16,22) 00330200
COMMON/BL36/AP122,16,32),AE(22,16,30),AK122,16,32),AN(22,16,32), 00230302
& AS122,10,32),AF122,16,32),AB122,16,32), 00350400
& SPI122,16,32),5U122,16,321,RI(22,16,32) 00320500
COMMON/BL37/ VIS(22,10,3C1,C0NDI22,16,321,N00122,16,321,RHALL(579)00330600
g sCPML22,16,32),5h5213,2),NH52122,16,32),RESORML 93) 00330700
. 00130800
C sexn CALCULATE COEFFICIENTS 00230900
00331000
DO 100 K=2,NK 00231100
KP2=K+2 ! 00331200
KP1l=K+l 00231300
¥M1=K-1 00321400
M2=K-2 00331500
DO 100 J=2,NJ 00331600
JP2=J42 00331700
JP12J41 00331800
JMlzJ-1 00331900
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JM2=J-2 00332000
PO 100 I=2,NI 00322100
IP2=1+2 00332200
IP1=1+1 00332300
IM1=I-1 00332400
IM2=I-2 00332500
IF (I.EQ.NI} IP1=2 00332600
00332700

00332800

c CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00332900
00333000

DXP1=XL(IP1,J,K,0,0) 00333100
DXI =XL{I ,J,K,0,0) 00333200
DXM1=XL(IM1,J,K,0,0) 00333300
00333400

DYP1=YL(I,JP1,K,0,0) 00333500
DYJ =YL(1,J ,K,0,0) 00333600
DYM1=YL(I,JM1,K,0,0) 00333700
00333800

DZP1=21L(1,J,KP1,0,0) 00333900
DZK =ZL(I,JsK ,0,0)} 00334000
DZ2M1=ZL(I,J,KM1,0,0) 00334100
00334200

C %% SURFACE LENGTH OF THE CONTROL VOLUME 00334300
00334400

DXN=XL(I,JP1,K,0,2) 00334500
OXS=XL(I,J ,K»0,2) 00334600
DXF=XL(I,J,KP1,0,3) 00334700
DXB=XLtI,J»K ,0,3) 00334800
00334900

DYF=YL{I,J,KP1,0,3) 00335000
DYB=YL(I,J,K ,0,3) 00335100
DYE=YL(IP1,J,K,0,1) 00335200
DYR=YL(I ,J,K»0,1) 00335200
00335400

D2E=2L11IP1,J,K,0,1) 00335500
DZH=ZLII ,J,K,0,1) 00335600
DZN=2ZL(1,JP1,K,0,2) 00335700
DZS=ZL{I,J ,K,0,2) 00335800
003359C0

003236000

C *ux DEFINE AREA OF THE CONTROL VOLUME 00236100
00336200

DXYF =DXF*DYF 00330300
DXYB=2¥B*DYB 00336400
DYZE =DYE*DZE 06336500
DYZH=DYW*DZW 00236600
DZXN=DZN*DXN 00336700
DZXS=DZS*DXS 00356800
00336900

VOL=DXI*DYJ%D2ZK 00337000
VOLDT=VOL/DTIME 00337100
00337200

RN=(R(I,J,K)%DYPL1+R(I,JP1,K )*DYJ)/(DYPL4DYJ) 00337300
RS=Z(R(I,J,K)%DYM14R(I,JML,K I%DYJ)/(DYML+DYJ) 00337400
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000

RE=(R(I,J,K)1¥DXP1+R1IP1,J,K )*DXI )/{DXP1+DXI)
RAZ{IRIT »J>K 1%DXMI+REIML »J,K )%DXI )/ ( DXM1+DXI )
RF={RII,J,K1%DZP1+R{1,J,KP1}%*DZK )/ (DZP14D2K)
RB=(R(I,J,K)*DZMI+R(I,J,KML )*DZK )/ (DZM1+D2K)

R DU ON VERTICAL KWALLS AND DV ON HORIZENTAL WALLS ARE ZERO

ANT T, J,K )=RNX¥DZXN#DV(I ,JP1,K)
ASUI,J,K )=RSHDZXSHDVI I, J5K )
AE(I,J,K )=RE*DYZE*DU(IP1,J,K)
ARIT 5 J5K I=RR¥DYZHHDU( I ,J,5K )
AF(1,J,K )=RFRDXYF%DHW(I,J,KPL1)
ABLI,J,K)I=RBRDXYBXDH( I ,J,K)

CN=RN#V(I,JP1,K I%DZXN
CS=RS®VII,J ,K)I%DZXS
CE=RE®ULIP1,J,K )*DYZE
CH=RW¥U(T ,J,K)*DYZH
CF=RF¥HIT,J,KP1 I¥DXYF
CB=RB¥W(I,J,K )*DXYB

SMP(I,J,K)=-{R(I,J,K}-ROD(I,J,K) I%VOL/DTIME~CE +CH-CN+CS-CF+CB
SMP{1,J,K 1=-CE+CH-CN+CS-CF+CB
SUIT,J,K)1=SMP(I,J,K]}
SP(I.J,K)=0.
100 CONTINUE

M TAKE CARE OF B.C. THRU AN,AS,AE ,AW,AF,AB,SP AND SU
el RADIUS DIRECTION

DO 500 K=z2,NK

DC 500 I=2,NI

AS(I,2,K1=0.

AN(I,NJ,K)=0,
500 CONTINUE

*k% LEFT WALL AND RIGHT MALL

DO 501 K=2,NK

DO 501 J=2,NJ

AWI2,J,K=0.

AE(NI,J,K)=0.
501 CONTINUE

W FRONT AND BACK WALL

DO 502 I=2,NI

DO 502 J=2,NJ

AB(I,J,21=20.0

AF(I,J,NK)=0.0
502 CONTINUE

00337500
00337600
00337700
00337800
00337900
00338000
00338100
00238200
00338300
00338400
00338500
00338600
00338700
03338800
00338900
00339000
00339100
00339200
00339300
00339400
00339500
00339600
00339700
00339800
00339900
00340000
00340100
00340200
00340300
00340400
00340500
00340600
00340700
00340800
00340900
06341000
00341100
003242200
00341300
00341400
00341500
00341000
60341700
00341800
00341900
00342000
00342100
003242200
00342300
00342400
00342500
00342600
00342700
00342800
00342900




|
i
|

00343000

IF (NCHIP.ER.0) GOTO 105 00363100
G0343200
(ol 2222222222222 22 2232 SECERRLERETEREATEERIRERESREERNEERELEERRETS 00343300
C BEERRRARRESURIUSHRERRARERIRTNTRIRRANBALES 00343400
C ##*x MODIFICATION FOR DECK BOUNDARIES 00343500
00343600
DO 101 N=1,NCHIP 00343700
IB=ICHPBIN) 00343800
IE=IB4NCHPIIN)-1 00343900
I8M1=18B-1 00344000
IEP1=IE+1 00344100
JB=JCHPB(N) 00344200
JE=JB+NCHPJIN)-1 00344300
JBM1=JB-1 00344400
JEP1sJE+L 00344500
KB=KCHPB(N) 00344600
KE=KB+NCHPK(N)-1 00344700
KBM1=KB-1 00344800
KEP1=KE+1 00344900
00345000
DO 102 J=JB,JE-1 00345100
DO 102 K=KB,KE-1 00345200
AE(IEML,J,K)=0.0 00345300
AHIIE,J,K)=0.0 00245400
00345500
102 CONTINUE 00345600
00345700
0O 103 I=18,IE-1 00345800
DO 103 K=KB,KE-1 00345900
AN(I,JBM1,K1=0.0 00346000
AS(I,JE,K)=0.0 00346100
103 CONTINUE 00346200
00346300
DO 106 I=IB,IE-1 00346400
DO 106 J=JB,JE-1 00346500
AF(1,J,KBM1)=0.0 00346600
AB(I,J,KE}=0.0 00346700
106 CONTINUE 00346800
00346900
C %xx FOR THE CELLS INSIDE OF THE DECKS 00347000
00347100
00 104 I=IB,JE-1 00347200
DO 104 J=UB,JE-1 00347300
DO 164 K=KB,KE-1 00347400
SP(I1,J,K1=~1,0E20 00347500
ANLT,J,K)=0. 00347600
AE(I,J,K)=0. " 00347700
AS(I,Jd,K)=0. 00347800
ANtI,J,K =0, 00347900
SULI,J,K)=0, 00348000
104 CONTINUE 00348100
101 CONTINUE 00348200
105 CONTINUE 00348300
00348400
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ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS

DO 300 J=2,NJ
DO 300 I=2,NI
DO 300 K=2,NK
AP(I,J.K)=ANII,J,K)0AS(I.J;K)OAEII,JpKJOAN(I;J,K)-SP(I,J,KJ

] +AF(1,J,K J+AB(I,4,K)

CONTINUE
SOLUTION OF FINITE DIFFERENCE EQUATION
CALL TRID (2,2,2,NI,NJ,NK,PP)

THIS IS FOR CKECKING

DO 161 I=1,NIP1

WRITE (6,%) Y

FORMAT ( ' AW '}

WRITE (6,949)

HRITE (6,999} ((AW(I,J,K),K=1,NKPY),J=1,NJP1)
CONTINUE

DO 160 I=1,NIP1

KRITE (6,%) I

FORMAT ( ' AE ')

WRITE (6,948)

HWRITE 16,999) ((AE(I,J,K),K=1,NKP1),J=1,NJP1)
CONTINUE

DO 170 I=1,NIP1

WRITE (6,%) 1

FORMAT ( * AB ')

WRITE (6,958)

HRITE (6,999) ((ABII,J,K)},K=1,NKPL1),J=1,NJP1)
CONTINUE

DO 180 I=1,NIP1

WRITE (6,%) X

FORMAT ( * AF ')

WRITE (0,968)

WRITE (©,999) ((AF(I,J,K1,K21,NKPL J,J=1,NJP1]
CONTINUE

HRITE (6,999) ((SU(I,5,K),K=1,NKP1),I=1,NIP1)
€0 190 I=1,NIP1

HWRITE (o,%) I

FORMAT ( * sy ')

WRITE (6,978)

WRITE (6,999) ((SUII,J,K),K=1,NKP1},J=1,NJP1)
CONTINUE

0O 191 I=1,NIP1

HRITE (6,%} I

00348500
00348600
00348700
00348800
00348900
00349000
00349100
00349200
00349300
00349400
00349500
00349600
00349700
00349800
00349900
00350000
00350100
00350200
00350300
00350400
00350500
00350600
00350700
00350800
00350900
00351000
00351100
00351260
00351300
00351400
00351500
00351600
00351700
00351800
00351900
00352000
00352100
00352200
00352300
00352400
00352500
00252600
00352700
00252800
00352900
00253000
00353100
00353200
00353300
00352400
00353500
00353600
00353700
00353800
00353900




988

191
999

i

600

C »u%

603

604

606

C %%

o060

WRITE (6,988)

FORMAT ¢ ¢ PP *)

HRITE 16,999) ((PP(I,J4,K)»J=1,NJP1),K=7,7)
CONTINUE

FORMAT (12£10.3)

CORRECT VELOCITIES AND PRESSURE
CORRECTION FOR VELOCITY U

DO 600 I=2,NI

IM1=I-1

IF (1.EQ.2) IMI=NI

DO 600 J=2,NJ

DO 600 K=2,NK
ULT,J,K)=2U0T5d,K)14DULT,J,K )% PPUIML ,J,K )-PPLI,J,K) )
CONTINUE

CORRECTION FOR VELOCITY Vv

D0 603 J=3,NJ

JMY =4-1

DO 603 K=2,NK

DO 603 I=2,NI

VUL ,J5K32VII,d,K)4DVII,J,K 0% (PP(I,JM1,K)-PP(I,J,K)}
CONTINUE

CORRECTION OF VELOCITY W

DO 604 K=3,NK

KM1=K-1

D0 604 I=2,NI

DO 604 J=2,NJ

RET5J5K VEHET 35K I4DRIT,J,K 3% PPLT ,J ,KM1 }-PP(1,J,K))
CONTINUE

CORRECTION FOR PRESSURE P

DO 606 J=2,NJ

DO 606 I=1,NIP1

DO 606 K=1,NK
PII,J,K1=P(1,J,K)+PP(I,J,K)
PP(I,J,K)=0.

CONTINUE

THIS IS FOR R=0.0 CASE

DO 75 I=1,NIP1
DO 75 K=1,NKP1
U(I;I,K )=U'I’2’K)
WII,1,K)=HII,2,K)
VIi1,2,K)=V(1,3,K)

00354000
00254100
00354200
00354300
00354400
00354500
00354600
00354700
00354800
00354900
00355000
00355100
00355200
00355300
00355400
00355500
00355600
00355700
00355800
00355900
00356000
00356100
00356200
00356300
00356400
0035¢500
00356600
00356700
00356800
00356900
00357000
00357100
00357200
00357300
00357400
00357500
00357600
00357700
00357800
00357900
00358000
00353100
00355200
002£8300
00358400
00358500
00358600
00353700
00358800
00358900
00359000
00359100
00359200
00359300
00359400




75 CONTINUE 00359500

00359600

00359700

C w#» MODIFICATION FOR R=0.0 00359800
c 00359900
DO 55 K=2,NK 00350000
vY=0.0 00360100
vX=0.0 00360200
vZ=0.0 00360300

DO 50 I=2,NI 00360400
VYSVY$U(1,2,K 1%COSIXS(I)) 00360500
VX=VX~U{I,2,K IRSIN(XS(I)) 00360600

50 CONTINUE 00360700
00360800

DO 51 I=2,NI 00360900
VY=VY#VII,3,K)%SINIXCI(I)) 00361000
VX=VX4V{I,3,K 1#COSIXC(I)) 00361100
VZ=VZHH(I,2,K) 00361200

51 CONTINUE 00361300
00361400

00361500

C »#% FIND THE VELOCITIES AT R=0.0 00301600
00361700

DO 52 I=1,NIPl 00361800
WI51,K)s(=VX%SINIXSII ) )+VY%COSIXSII )} ) I/NIM] 00361900
V(I,2,K}3= (VX#COS(XC(I))+VY%SIN(XCII})}/NIML 00362000

Wt I,1,K)1=VZ/NIM1 00362100

52 CONTINUE 00362200
55 CONTINUE 00362300
00362400

00362500

00362600

C #%% THIS IS FOR THE CYLINDER OWLY (CYLIC CONDITION) 00362700
00362800

DO 76 J=1,NJP1 00362900

DO 76 K=1,NKP1l 00363300
Ut1l,J,K)1sUINI,J,K) 00363100
UINIPLl,J,K)=U(2,J5K]} 00363200
Vil,J,K1=VINI,J5K) 00363300
VINIPL,J,K1=V(2,J,K} 00363400
WELsJ K 1=HINT L J,K ) 00363500
WINIPL,J,K)=KH(2,J,5K) 00363600

76 CONTINUE 00363700
00363800

C xx THIS FOR SPHERE ONLY 00363900
00364000

DO 77 1=],NIP]l 00364100

DO 77 Js1,NJP1 00364200
UI,J,1)=Ut1,4,2) 00304300
VII,J,1)=V(1,J,2) 00364400
WI,J,,2)=W(I,J,3) 00364500

W I,J,NKPL)I=U(T,JsNK) 00364600
V(I,J,NKP1)=VIT,J5NK) 00364700
WII,JyNKPL)=HIT ,J,NK) 00364800

77 CONTINUE 00364900
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IF tNCHIP.EQ.O0) GOTO 1lé
C SESERERANRSERERTTRLIRFURETSRASTRTERESTRSTISRESRLRNINES
C BRRERPARSARRFBVRRBRTERRRRAIFBARBRITRECRET
C %% RESET THE VELOCITY INSIDE OF DECK

DO 120 N=1,NCHIP
IB=ICHPBIN)
IE=IB+NCHPIIN)-1
JB=JCHPBIN)
JE=JUB+NCHPJIN)-1
KB=KCHPB(N]}
KE=KB+NCHPK(N)-1

DO 109 I=IB,IE
DO 109 J=JB,JE-~1
DD 109 K=KB,KE-1
UtI,J,K)=0.,0

109 CONTINUE

DO 118 I=1B,IE-1
DO 118 J4=UB,JE
DO 118 K=KB,KE~1
V(I,J,K}=0.0

118 CONTINUE

DO 119 1=1B,1E~1
DO 119 J=JB,JE-1
DD 119 K=KB,KE
WET,J,KIZHFANIN]
119 CONTINUE
120 CONTINUE
116 CONTINUE
R 22 Ee 22222222222 223 222222 22232 2222222222

)y

[ 2]

SORSUM=0.
RESORM(ITER)=0.
DO 700 J32,NJ
JP1=zJ+l
JM1=0-1

DO 700 I=2,NI
IP1=1I+) )
IM1=I-1

DO 700 K=2,NK
YP1=K+l
KM1zK-1

c CENTRAL LENGTH OF THE SCALAR CONTROL VOLUME

188

FRRPRBRERIERNIRIRANARARCRIRNTTTVRCETRABATTICURIBLRCTERRRRRENIRSS

adaid RECALCULATE THE ERROR SOURCE AFTER CORRECTIONS OF U, Vv, P

00365000
00365100
00305¢00
00365300
00365400
00365500
00365600
00365700
00365800
00365900
00366000
00366100
00366200
00366300
00366310
00366392
0036639
003606400
00366500
00366600
00366700
00366800
00366900
00367000
00367100
00367200
00367300
00367400
00367500
00267600
00367700
00367800
00367900
00368000
00303100
00368200
003683200
00368400
00368500
00368600
00368700
00368800
00268900
00362000
00369100
00369200
00369300
00369400
00369500
00369600
00369700
00369800
00369900
00370000
00370100




00370200
. DXP1=XL1IP1,J,K,0,0) 00370300
DXI =XLtl ,J4,K,0,0} 00370400
DXM1=XL(IM1,J,K,0,0) 00370500
00370600
3 DYP1=YL(I,JUP1,K,0,0) 00370700
DYJ =YLII,J ,K,0,0) 00370800
DYM1=YL(I,JUM1,K,0,0) 00370900
00271000
DZP1=2L(I,J,KP1,0,0) 00371100
DZK =2L(I,J4,K ,0,0} 00371200
DZM1=Z2L{I,J,KM1,0,0) 00371300
b 00371400
3 00371500
8 C SURFACE LENGTH OF THE CONTROL VOLUME 00371600
00371700
DXN=XL(I,JP1,K,0,2) 00371800
OXS=XL{I,J ,K,0,2) 00371900
DXF=XL11,J,KPl1,0,3) 00372000
DXB=XL(I,J,K ,0,3) 00372100
00372200
DYF=YL(I,J,KP1,0,3)} 00372300
DYB=YL(I,J,K ,0,3) 00372400
DYE=YL(IP1,J4,K>0,1) 00372500
DYH=YLLI ,J4,K,0,1) 00372600
00372700
DZE=ZL11IP1,J4,K,0,1) 00372800
DZH=ZL(I ,J,K,0,1) 00372900
DZN=ZL(I,JP1,K,0,2) 00373000
£25=2L{1,J ,K,0,2) 00373100
00373200
00373300
C 3xn DEFINE AREA OF THE CONTROL VOLUME 003734C0
00373500
DXYF=DXF*DYF 00373600
DXYB=DXB*DYB 00373700
DYZE=DYE*DZE 00372800
DYZH=DYW*DZW 00373900
DZXN=DZN*DXN 00374000
DZXS=D2S*DXS 00374100
00374200
VOL=D¥I#*DYJ*DZK 00374300
VOLDT=VOL/DTIME 00274400
00374500
00374600
0C274700
RH=tR(I,J,K)%DYPL+RII,JP1,K)%*DYJ)/(DYPL+DYJI} 00374800
RS=(R(I,J,K)*0DYMI+RII,JIMI,KI¥0YJ)/(DYML+DYI) 00374900
RE={RIX,J, K I#DXPL+R(IP1,J,K 1%DXI )/{D¥P1+DXI1) 00375000
RW={RII,J,V I%DX114R(IMY,J,K )%DXI )/(DXM1+DXI) 00375100
RF=(R(I,J,K)%D2P1+R(I,J,KP1)#DZK)/(DZP14DZK) 00375200
RB=(R(I,J,K)*DZML1+R(I,J,KML 1%DZK }/( DZM1+DZK) 00375300
00375400
CNz=RN*V(I,JP1,K 1%#D2XN 00375500
CS=RS*V(I,J ,K)I#DZXS 00375600
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700

CE=RE*U(IP1,J,K I®DYZE

CH=RW*U(T  ;J,K I¥DYZH

CF=RF¥H(T,J,KPL )%DXYF

CB=RBMR(I,J,K I*DXYB

SMP(I,J,K)=-CE4+CH-CN+CS-CF+CB
SMP(X,J,K==(RtI,J,K)~ROD(I,J,K)})I*VOL/DTIME~CE+CH-CN+CS-CF+CB

SORSUM IS ACTUAL MASS INCREASE OR DECREASE FROM CONTINUITY
EQUATUON , THIS WILL COMPARE TO SOURCE

SORSUM=SORSUM+SMP(I,J,K)

RESORM IS SUM OF THE ABSOLUTE VALUE OF SMP(I,J,K)
RESORM( ITER )=RESORM{ ITER)+ABS(SMP(I,J,K))
CONTINUE

RETURN
END

00375700
00375800
00375900
00376000
00376100
00376200
00376300
00376400
00376500
00376600
00376700
00376800
00376900
00377000
00377100
00377200
00377300
00377400
00377500
00377600
00377700

36 J6 JH6I6 36 636 36 36 36 36 96 I 63 36 36-T-36-36- 3669696 JETETE F 3636 36 J-0-U38 e 3696 36 36 36 36 SEIE 63363 26 HIHEIHHHLHEE A6 003 77800

SUEROUTINE TRIDUIST,JST,KST,ISP,JSP,KSP,PHI)

00377200

696 T6T626 96 33636 36 63696 9 FETE I JET6 I 36 36 336 I I 96 76 36366 IEIE I 36 JEHE I IEI 33 T 36 3 33 2336 3 H- R HIHHHHHHEHHHHR 003 78000

101

COMMCN/BL7/NI,NIPL1,NIM1,NJ,NJPL,NIML,NK,NKP1,NKM1

& HNIPZ,NJPZ,NKP2,NA,NAPL,NAML,NB ,NBP1,NBMI1 ,KRUN,NCHIP ,NJRA , NWRP
COMMONV/BL36/AP(22,16,32),AE(22,16,32),AH(22,16,32),AN122,16,32),
] AS122,16,32),AF122,16,32,,AB122,16,32),

& SP(22,16,32),5U(22,16,32),RI122,16,32)

DIMENSION A(99),B(99),C199),PHI(22,16,22)

GOTO 405

ISTM1=1ST-1

ALISTM1)=0.

CUISTM1)=0.

DO 100 J=JST,JSP

DO 100 K=K3T,KSP

DO 101 I=IST,ISP

A(I)=AE(I,J,K)

BII=AW(I,J0K)
CLI)=ANCI,J,KIRPHI(I »J41,K )14AS(],J,K I¥PHI(I,J-1,K}
& +AF(I,J>KI*PHINI,J,K41 )+ABIT,J,K)*¥PHI(I,J,K=-1)+SULI,J,K)
TERM=1./(AP(I,J,K)-BII*A(I-1))

IF (ABSLA(I)).LE.1.0E-70) A(I1=0.0
IF (A85(8(I))}.LE.1.0E-70) B11)=0.0
IF (ABS(C(I)).LE.1.0E-70) C(I)=0.0
IF (ABGITERM).LE.1.0E-70) TERM=0.0
ACI)=ALI 1%*TERM
C(I1=tC(I}+B(I)*CII-1))*TERM
COMNTINUE

PHI(ISP,J,K)=CLISP)

ISTA=IST+1

DO 102 II=ISTA,ISP

I=IST+ISP~II1

IP1=I+1
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00378100
00378200
00378200
00378400
00378500
00378600
00378700
00378800
00378900
00379000
00379100
00379200
00379300
0037400
00379500
00379000
03379700
00379800
00379900
00380001
00280002
00380003
00380010
00380020
00380100
00380500
00380600
00380700
00380800
00380900
00381000




102
100

2000

201

202
2co

2001

PHI(I,J,KIZACTI INPHI(IPL,J>K)+C(I)
CONTINUE
CONTINUE

DO 2000 J=JST,JSP

DO 2000 K=KST,KSP
PHI(IST-1,J,K)=PHI(ISP,J,K)
PHI{ISP+1,J,K)=PHI(IST,J,K)
CONTINVE

JSTM1=JST-1

ACCSTMI =0,

CtJSTM1)=0.

DO 200 K=XST,KSP

0C 200 I=IST,ISP

DO 201 J=JST,JSP

A(J)=AN(] ,J,K)

B(JI=ASIIJ,K)

CUJIZAE( T, J K IHPHI(TI41,J0,K 1¢ANIT s J,K WPHI(I-1,J,K}
3 $AFLT3J,KI#PHI(I ,J,KeY )+ABI1,J,K)I*¥PHI(I,J,K-134SULI,J,K)
TERM=1./1APII,J,K)-BiJ1ALJ-1)}

IF (ABStA(J)).LE.1.0E-70) ALJ)1=0.0
IF (ABS(B(J)).LE.1.0E-70) BtJ)=0.0
IF (ABSICtJ}I).LE.1.0E-70) C1J)=0.0
IF (ABS(TERM).LE.1.0E-70) TERM=0.0
ALJ 1AL JIXTERM
CLJIISICULIIBLIINC(J-1 ) I%TERM
CONTINVE

PHI(I,JSP,K)=CLJISP)

JSTA=JST+1

DO 202 JJ=JSTA,JSP

J=JSTeJSP-JJ

JP1=J+l
PHILI,JrKI=ALJ)*PHI(I ,JP1,K }+C(J)
CCONTINUE

CONTINUE

L0 2001 J=JST,JSP

0O 20C1 K=KST,KSP
PHILIST-1,J,K)=PHILISP,J,K)
PHI(ISP+1,J,K3SPHI{IST,J,K)
CONTINUE

¥STM1=KST-1

ALK5TM1)=0.

CUKSTMY 1=0.

CO 200 I=IST,ISP

DO 200 J=JST,JSP

DO 301 K=zKST,KSP

ALK )=AF(I,J,K)

BIK)=ABII,J,K)

CIKI=AE(I,J,K INPHI(I41,J,K)4AN(I,J,K)I#PHI(I-1,J,K)

3 +ANUT ,J,K)I%PHII1,J42,K )¢ASIT,J5K JRPHILT,J=1,K)4SULI,J,K)
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00381100
00381200
060381300
00381400
00281500
00381600
00381700
00381800
00381900
00382000
o003s210¢
00382200
00382300
00382400
00382500
00382600
00382700
00382800
00382900
00383000
00383100
00383200
00383210
00383220
00383220
00383240
00383300
00383400
00383800
00383200
00384000
00384100
00384200
00384300
00384400
00284500
00384600
00384700
00384800
00384900
003£5000
003£5100
00285200
00385300
00285400
00385500
00385600
00385700
00385800
00385900
00386000

00386100 .

00386200
00386300
00386400




TERH=1./IAP(I,J,K)-BlKliAlK-ll)
IF (ABSUAIK)).LE.1.0E=-70) A(K)=0.0
IF (ABSIP{K)).LE.1.0E-70) B(K)=0.0
IF (ABSICtK)).LE.1.0E-70) CiK1Iz0.0
IF UABS(TERM).LE.1.0E-70) TERM=0.0
ALK )=A(K I*TERM
CIKIZ(CIK)4BIK J¥C(K=1 ) }«TERM
301 CONTINUE
PHI(I,J,KSP)2C(KSP)
KSTA=KST+]
DO 302 KK=KSTA,KSP
K=KST+KSP~KK
KP1l=K+¢l
PHIUIJ,K)ZA(K)I*PHI(T ,J,KP1)4C(K)
302 CONTIMNUE
300 CONTINUE

DO 2002 J=JST,JSP

DO 2902 K=KST,KSP

PHI{IST-1,J,K)=PHIIISP,J,X)

PHI(ISP+1,J,K)=PHILIST,J,K)
2002 CONTINUE

GOTO 700

4405 CONTIMUE

G05 KSP1l:=KSP+)
BIKSP11=0,
CIKSP1)=0,
DO 600 IX=IST,ISP
I=IST+ISP-11
DO 608 JJ=JST,JSSP
JSIST+JSP-QJ
DO 601 KK=KST,KSP
K=KSP+KST~KK
KP1zK+1
ALK IZAF(I,J,K)
BIKI=AB(I,J,K)
C(KI=AEII,J,KthHIlIOl.J.KlOAN(I.J.K)'PHIII-I.J,KDOAN(I-J,KIG
] PHI!I,J*I,KIOASII;J,K)*PHI(I.J-I.KIOSUlI,J,KI
TERM=1./0A2(1,J,K)-AK 1#BIK+1 )}
BIK 1=B{K )I»TERM
CUKIZICIK 1+ALK INCIK+]1 ) 18 TERM
IF (ABSTA(K)).LE.1.0E~70) AlK120.0
If (ABSIBIK)I}.LE.1.0E-70} BI(K1=0.0
IF (ABSIC(K)).LE.1.0€-70) C1K)=0.0

601 CONTINUE
PHI(X,J,K3T)=CIKST)
KSTP1=KSTs+1
DO 602 KzKSTP1,KSP
PHI(I,J,K)=BIK J*PHI{I,J,K-1)+C(K )

602 CONTIMUE

600 CONTINUE
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00286500
00386510
00386520
00386530
00386540
00386600
00386700
00387100
00387200
00387300
00387400
00387500
00387600
00387700
00387800
00387900
00388000
00388100
00388200
00388300
00388400
00388500
00388600
003838700
00388800
00388900
00389000
00389100
00389200
00389300
00389400
00389500
00389600
00389700
00389800
00389900
00390000
00390100
00390200
00320300
00390400
00390500
00390600
0030700
00390800
00390900
00291000
00321100
00391200
00321300
00391400
00391500
00391600
00391700
00391800




2003

501

502
500

2004

00 2003 J=JST,JSP

DO 2003 K=KST,KSP
PHILIST=1,J,K)2PHI(ISP,J,K)
PHICISP+1,J,K)=PHI(IST,Jd,K)
CONTINUE

JSP12JSP+l

BLJSP1)=0.

CtJSP11=0.

DO 500 KK=KST,KSP

K=KST+KSP-KK

00 500 II=IST,ISP

I=IST+1ISP-~11

DO 501 JJ=JST,JSP

J=JISP+JST~JJ

JPlzJel

A(J)=ANII,J,K)

BIJI=AS({I,JsK])

ClJI=AE(T UK IRPHI(I+1,J,K)+ARIT ,J,K )%¥PHI(I~),J,K)¢AF(I,J,K )%
& PHI(Y,J,K+1)14AB(T ,J,K I¥PHII,J,K-1}4SULI,J,K]}
TERM=1./(AP(1,J,K}-ALJ)*¥B(JI+1)})
BiJ)=BIJ)I*TERM
CLII=(CII)+ALJ I%C1JI+] ) ITERM
IF (ABS(A1J)).LE.1.0E-70) A(J)=0.0
IF (ABSIBI{J)).LE.1.0E-70) B(J)=0.0
IF (ABS(C(J)}).LE.1.0E~70) C(J)=0.0
CONTINUE

PHI(I,JST,K)=CIJST)

JSTP1=JST+l

00 502 J=JSTP1,JSP
PHIII,J,K)=B{JI*PHI(I,J-1,K)+Cl(J)
CONTINUE

CONTINUE

DO 2004 J=JST,JSP

DO 2004 K=KST,KSP
PHILIST=-1,J,K 1=PHI! ISP,J,K)
PHI{ISP+1,J,K)=PHI(IST,J,K)
CONTINUE

ISP1=ISP+1
8(ISF11=0,
CulsPl=0.

D0 400 JJI=JST,JSP
JEJIST4JSP-UJ -

DO 4«00 KX=KST,KSP
K=KST+K3SP~KK

00 401 1I=IST,ISP
I=ISP+IST-I1
IP1=1+¢]

AL I1=ZAE(Y,J,K)
BII)=AW(],J,K)
CLI)=ANIT ,J,K IMPHI(I,J41,K)¢AS(I,J,KInPHI(T ,J-1,K)¢AF(],J,K)n
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003921900
00392000
00392100
00392200
00392300
00392400
00392500
00392600
00392700
00292800
00392900
00323000
00323100
00393200
00393300
00393400
00393500
00393600
00393700
00393800
006393900
00394000
00394100
00394200
00394300
00394400
00394500
00394600
00394700
00394800
00394900
00395000
00295100
00395200
C0395300
00395400
00395500
00395600
00395700
00325800
0039E500
00396000
00396100
00396200
00396300
00396400
00396500
00396600
00396700
00396800
00396900
00397000
00397100
00397200
00397300




Mol e e e 7 —

g PHI(I,J,K4114AB(I,J,KI¥PHI(I,J,K~2)4SU(I,J,K) 00397400
TERM=1./tAP(I,J,K)=-A(X #Bl1+1)]} 00397500
BUI)=B{I 1%TERM 00397600
CLIN=(CII+AITIHC(I+1)I%TERM 00397700
IF (ABStA(I)).LE.1.0E-70) A(I)=0.0 00397800
IF (ABS(B{I)J.LE.1.0E~70) BtI1=0.0 00397900
IF CABS(C(I)).LE.1.0E-70) C(I)=0.0 00398000

401 CONTINUE 00398100
PHI(IST,J,K)=C(IST) 00398200
ISTP1=1IST+1 00398300
DO 402 I=ISTP1,ISP 00398400
PHI(I,J,K)=B(I)*PHI(I-1,J,K)+C(]I) 00398500

402 CONTINUE 00398600
400 CONTINUE 00398700
00398800

DO 2005 J=JST,JSP 00398900

DO 2005 K=KST,KSP 00399000
PHI(IST=1,J,K)=PHI{ISP,J,K) 00399100
PHI(ISP+1,J,K)=PHI{IST,J,K] 00399200

2005 CONTINUE 00399300
00399400

00299500

700 CONTINUE 00399600
RETURN 00399700

END 00399800
00399900

c IR IHHEHHEHEEHEHHEHEEEE I HHHEHEHHHEEHEHHEHHEHHEHEHHHEHHHE 00400000
BLCCK DATA 00400100

c FEHIEHIIIIEICII I IS I FEIIEIE TN I IR A 00400200
00400300

COMMON/BL7/NI ,NIP1,NIM1,NJ,NJP1 ,NJML,NK,NKP1,NKM1 00400400

2 HNIP2,NJP2,NKP2,NA,;NAP1,NAM] ,NB,NBP1,NBMY ,KRUN,NCHIP ,NJRA,NWRP 00400500
COMMON/BL12/ NWRITE,NTAPE ,NTMAXO,NTREAL ,TIME ,SORSUtY,ITER 00400600

COMMON/BL14/HCOEF , TINF ,CNT, ABTURB ,BTURB , VISL , VISMAX,QCORRT , PM1 ,PM200400700
COMMON/BL16/ CONST1,CONST2,CONST3,CONSTG,CONST6,NT ,U0,H,USRT ,8UQY ,00400800
& CPO,PRT,CONDO,VISO,RHO0,HR,TR,TA,DTEMP,THWRITE, TTAPE ,TMAX,GC,RAIR00400900

DATA NIP2,NIP1,NI,NIM1/23,22,21,20/ 00401000

DATA NJP2Z,NJP1,NJ,NUML/17,16,15,14/ 00401100

DATA NKP2,NKP1,NK,NKM1/33,32,31,30/ 00401200

DATA NAP1,NA,NAM1,NBP1,NB,NBM1/9,8,7,27,26,25/ 00401300

DATA UG,TA,PRT,RHO0,CPG,VISO,NTMAX0/ 00401400

] 1.0,555.86,1.0,0.0714,0.24,1.56E~4%,0/ 00401500

DATA TINF,CNT,ABTURB.BTURB/1.0,0.2,2.0,1.0/ 00401600

DATA GC,RAIR/32.17,53.34/ 00401700

DATA QCORRT,PM1/1.0,0.9/ 00401800

END 00401900
00402000

00402100

00402200

Cc FEIIIE 26 696 366 363636 JIEIE 6 FE0E HEJ6- 36 3 DEIIIE I I SN FHHE IR I T HHHEHHEHHHEE 00402300
SUBROUTINE GRID 00402400

[ FEIE36 3663636 366 26 JIE3E36 56 JE D0 I 36 T3 606 0 3636 2636 30006 J0 36 JHHEE I 36 -6 36138 36 S M6 00402500
COMMON/RG/¥C193),YC(93),2C(93),X5(93),YS(93),25(93), 00402600

H DXXC(93),DYYC(93),D22C(93),0XXS(931,DYYS193),D22S(93) 00402700
COMMON/BL1/DX,0Y,DZ,VOL ,DTIME ,VOLDT , THOT ,TCOOL ,PI,Q,QR 00402800
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COMMON/BL7/NI NIP1,NIML,NJ,NJP1,NJMINK,NKP1,NKML 00402900
& NIP2,NJP2,NKP2,NA,NAPL,NAML ,NB ,NBP1 ,NBM1 ,KRUN,NCHIP ,NJRA,NHRP 00403000

00403100

C #¥x  RENERATION OF GRID 00403200
00403300

PIz4 #ATANI]. ) 00403400
DX=1.0/FLOAT{NIM1) 00403500

c DY=z1./FLOAT(NJM1-2} 00403600
DY=1./FLOAT(NJM1-1) 00403700
DZ=PI/FLOATINKM1~NB+NA-2) 00403800
00403500

00404000

D0 19 I=1,NIP2 00404100
XS(I)=(1-2)%DX%2,0%P1 00404200

19 CONTINUE 00404300
00404400

c XS(1)=-DX%2,0%P] 00404500
c XsS12)=0.0 00404600
c %S03)=0.01%2.0%PX 00404700
< DO 19 I=4,13 00404800
c XS{I)=(]1-3)%DXx%2 . 0*PL 00404900
C 19 CONTINUE 00405000
c 00405100
< %S(14)=XsS(13) 00405200
c %S(13)=XS(14)-0.01%2.0%P1 00405200
C DO 18 I=15,NIP1 00405400
c XSII)=XS(14)4(1-14 )%DX%2,0%P1 00405500
C 18 CONTINUE 00405600
c XSINIP2 )=XS{NIP1)+XS(3) 00405700
00405800

00405900

YS11)=0.000 00406000
¥S(21=20.025 00406100

c ¥S(31=0.05 00406200
DO 3 J=3,NJ 00400300
YSUJ1=2(J-21%DY 00406400

3 CONTINUE 00406500
YSINJPL)=YSIND) 00406600

YSINJ )=YSINJP1)-3./8./12./9.6 00406700
YSINJPZ)=YSINJIPL1)+43./8./12.79.6 00406800
00405900

cc DO 3 J=4,NJP2 00407000
cc YS(JI1=(J-3 )%DY 00407100
CC 3 CONTINUE 00407200
DG & I=1,NIP1 00407300
IP1=1+1 00407400
DXXCIII=XS(IR1)-XS(1} 00407500

4 CONTINUE 00407600
00407700

DXXCINIP2)=DXXCI(NIP1) 00407800

D0 5 I=2,NIP2 00407900
IM1=I-1 00408000
DXXSII)=.5%(DXHCIT )+DXKXC(IML1)) 00408100

5 CONTINUE 00408200
DXXS(1)=DXXS(2) 00408300
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OO0

20

21

30

31

10

00 7 J=1,NJP1
JP1sJd+ed
DYYC{J1=YS(JP1)-YSIJ)
CONTINUE

DYYC(NJP2)=DYYC(NJPL)

DO 8 J=2,NJP2

JM1zJ-1

DYYS1J 1. 5% (DYYC(J )+DYYC(JIML))
CONTINUE

DYYS(1)=DYYS(2)

DO 20 I=1,NIP2
¥C(I)=XS(1)+DXXC(I)/2.0
CONTINUE

DO 21 J=1,NJP2
YC(J)=YS1J)+DYYC(J)/2.0
CONTINUE

DO 9 K=4,NA
ZS(KI=(K=-3 }%DZ
CONTINUVE

DO 30 K=NBP1,NX
ZS(K }J=ZSINA J+(K-NB )*DZ
CONTINUE

DO 31 K=NAP1,NB
25K 1=PI/2.
CONTINUE

Zs(l11=0.0

2512)=0.05

25(31=0.10

ZSIKKPL )=ZSENKM1)
ZSINK )=25INKP11-0.05
ZGUNKML 12ZSUNKPY )1-0.10
ZSUNAP2 )=ZSINYPL1)40.05

ZSINKP2 1ZZSINK }
ZSINKP1)=ZS(NKP2)~0.05
ZSINK 1=Z3(HNKP2)-0.10

00 10 K=1,NKP1

IF (K.Gc.NA.AND.X .LT.N8) GOTO 10
KP1l=K+]l

DZZC(K 1=2ZS{KP1)-2S(K)

CONTINUVE

DO 32 K=NA,NBM1
DZZCI(K)=2.854/(NB-NA)
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00408400
00408500
00408600
00408700
00408800
00408900
00409000
00409100
00409200
00409300
00409400
00409500
00409600
00409700
00409800
00409900
00410000
00410100
00410200
00410300
004106400
00410500
00410600
00410700
00410800
00410900
00411000
00411100
00411200
00411300
00411400
00411500
00411600
00411700
00411800
00411900
00412000
00412100
00412200
00412300
00412400
00412500
00412000
00412700
00412800
00412900
00413000
00413100
00413200
00413300
00413400
00413500
00413600
00413700
00413800




32 CONTINUE 00413900

00414000

DZZC(NXP2 )=DZZCI{NKP1) 00414100
00414200

DO 11 K=2,NKP2 006414300

o IF (K.EQ.NA.OR.K.EQ.NB) GOTO 11 00414400
KMI=K-1 00414500
DZZSIK)=.5%(DZZCtK )+DZZC(KM1)) 00414600

11 CONTINUE 00414700
00414800

D22s111=D22S12) 00414900

DO 22 K=1,NKP2 006415000

IF (K.GE.NA.AND.K.LT.NB) GOTO 22 00415100
2C(K)=ZS(K)+D2ZC(K}/2.0 00415200

22 CONTINUE 00415300
00415400

DO 33 K=NA,NBM1 00415500
ZCtK)=PI/2. 00415600

33 CONTINUE 00415700
00415800

IF (YS({1),LT.0.0) ¥St1)=0.0 00415900

IF (YC{1).LT.0.0) YC(1)=0.0 00416000
PRINT #* 00416100
PRINT #,* INPUT COORDINATE OF THE TANK IN THE ORDER OF ' 00416200
PRINT #%,* 1 XS Ys zs XC YCc*, 00416300

g ' Zzc DXXS DYYS D2Zs DXXC ' 00416400

&, 'DYYC pzzCc' 00416500

DO 12 I=1,NKP2 00416600
WRITE(6,102) I,%XS(I),¥YS1I),2S(I),XC(I),YC(I),2C(I), 00416700

& DXXS(I),DYYStI),D2ZZS(1),DXXC(I),DYYC(I),D2Z2CI(I) 00416800

102 FORMAT(2X,14,12(2X,F8.5)}) 00416900
12 CONTINUVE 00417000
00417100

RETURN 00417200

END 00417300
00417400

00417500

00417600

(o} 3696369696 JEIE JEI 36362636 36 3 56 3 JEIEIHIE 3 00417700
FUNCTION‘XL(I,J;K.H,N) 00417800

[ 3596360 28 36 3 265 96 e FE I I JE 96 26 2636 63606 3 00417900
36T 4 36369536 56 363696363696 FE96 D606 36 9636 36 76 36 36-96--96.36 36 36 96 2363636336 T I 06 396 36 30696 I3 3 FE 369696 363 3636 3 00418000
c HHEN M OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONEx 00418100
c HALF CELL (STAGGERED CELL} * 00418200
c WHEN M OR N = 2 THEN SHIFT CELL IN YHE NEG Y DIRECTION ONEx 00418200
[« HALF CELL (STAGGERED CELL} * 00418400
c WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE» 00418500
[of . HALF CELL (STAGGERED CELL) * 00418600
c WHEN M = N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00418700
c WHOLE CELL » 00418800
[ WHEN M = N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONEx 00418900
[ WHOLE CELL * 00419000
c WHEN M = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE 00419100
o WHOLE CELL Co% 00419200
CHI6H T NIH TN FE TN I HEHIE NI NI T I NI I I I FII I 00419300

197




COMMON/R4/XC(93),YC(93),2C(93),XS193),Y5(93),25(93),

& DXXCt93),DYYCI193),D2ZC(93),DXXS(93),DYYS193),D225(93)
¥1=XC(I)

X2=zYC(J)

X3=2C(K)

DXL=DXXC(I)

IF(M.EQ.N) GOTO 100

IFIM.EQ.1.0R.N.EQ.1} X1=XS(I)
IF(M.EQ.1.0R.N.EQ.1) DXL=DXXS(I)
IF(M.EQ.2.0R.N.EQ.2) X2=YSlJ)
IFIM.EQ.3.0R.N.EQ.3} X3=2S(K)
GOTC 1000

100 IF(M.EQ.1) X1=XC(I-1)
IF(M.EQ.1) DXL=DXXC(I-1)
IFIM.EQ.2) X2=YC(J-1)
IFIM.EQ.3) X3=2C(K-1)

1000 CONTINUE
XL=X2%SIN( X3 InDXL

RETURN

END
c FIEE NI NI I 6

FUNCTION YLII,J,K,M,N)
C FETEIEEIE I I JEWIE I TE I FEIEIEIEIE W I3 363
CHIEIIEIEIENE I I3 I NI IEINIIE NI I NI I I SN NI NI I IHE T NI - 6 -3¢
c WHEN M OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE*
c HALF CELL (STAGGERED CELL) *
[ WHEN M OR N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONEx
[ HALF CELL (STAGGERED CELL) *
c WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE*
c HALF CELL (STAGGERED CELL) *
c WHEN M = N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONEx
Cc WHOLE CELL *
c WHEN M = N = 2 THEN SHIFY CELL IN THE NEG Y DIRECTION ONEx
[ WHOLE CELL *
Cc WHEN M = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONEx
o WHOLE CELL *

T 36363696 36963696 369636 36 3636 3696 36 636 96 26 36 .36 36 I 3 T 20366 3 966 36 6 I I HEIEIEN-EIEIE 1636 36 36 JHIE I 30
COMMON/R4/XC193),YC193),2C(93),XS193),YS193),25(93),
& DXXC(93),DYYC(93),D22C(193),DXAS193),DYYS(93),D225(93)
X1=XC(I)
¥2=YCLJ)
A3z2C(K)
DYL=DYYC(J)
IF(M.EQ.N) GOTO 100

IF(M.EQ.2.0R.N.EQ.2) X2=YS(J)
IFtM.EQ.2.0R.N.EQ.2) DYL=DYYS(J)
IF{M.EQ.1.0R.N.EQ.1) X1=XS(I)
IF(M.EQ.3.0R.N.EQ.3) X3=2ZS(K)
GOTO 1000

100 IF(M.EQ.2) X2=YC(J-1)

198

00419400
00419500
00419600
00419700
00419800
00419900
00420000
00420100
00420200
00%20300
00420400
00420500
00420600
00420700
00420800
00420900
00421000
00421100
00421200
00421300
00421400
00421500
00421600
00421700
00421800
00421900
00422000
00422100
00422200
00422300
00422400
00422500
00422600
00422700
00422800
00422900
00423000
00423100
00423200
00423300
00423400
00423500
006423600
00422700
00423800
00423900
00424000
006424100
00424200
00424300
00424400
00424500
00424600
00424700
00424800



IF(M.EQ.2) DYL=DYYC(J-1) 00424900
.. IF(M.EQ.1) X1=XC(I-1) 00425000
- IFIM.EQ.3) X3=Z2CiK-1) 00425100
. 1000 CONTINUE 00425200
YL=1.00%DYL 00425300
1 RETURN 00425400
: END 00425500
00425600
00425700
c I I I 00425800
FUNCTION ZL(I,J,K,M,N) 00425900
(o IR I TN I 36U -6 69 00426000
C I F I S IS I HE 3 HHEHHHHHHHEHEHHHHEHHHHHHHEHHHHHH 00426100
C WHEN M OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE 00426200
Cc HALF CELL (STAGGERED CELL) ) 00426300
c WHEN M OR N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE 00426400
c HALF CELL (STAGGERED CELL) » 00426500
c WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE#* 00426600
Cc HALF CELL (STAGGERED CELL) »* 00426700
c WHEN M = N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE# 00426800
c WHOLE CELL * 00426900
c WHEN M = N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE#* 00427000
[of WHOLE CELL * 00427100
[ WHEN M = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE#* 00427200
[« WHOLE CELL * 00427300
AN NI I | FEHEIEIE 6 236 6 FIEIE I DIEI6 FEIE I SIS I R 00627400
COMMON/R4/XC(193),YC(93),2C193),XS(93),YS5193),25193), 00427500
& DXXC193),0YYC(93),D22C1 93 ),DXXS193),DYYSI193)},022S193) 00427600
COMMON/BL7/NI ,NIP1,NIM1,NJ,NJPL,NJML.NK,N<P1,NKM1 00427700
& HNIP2,NJP2,NKP2;NA,NAPL,NAM1 ,NB ,NBP1,NBM1 ,KRUN,NCHIP ,NJRA ,NHRP 00427800
X1=XCtLI) 00427900
X2=YCtJ) 00428000
x3=Z2CtK) 00428100
DZL=DZZC(K) 00428200
IFt{M.EQ.N} GOTO 100 00428300
00428400
IF(M.EQ.2.0R.N.EQ.2) X2=YS(J) 00428500
IF(M.EQ.1.0R.N.EQ.1) X1=XSII) 00428600
IFIM.EQ.3.0R.N.EQ.3) GOTO 200 00428700
GOTO 1000 00428800
00428900
200 CONTINUE 00429000
IF (K.EQ.NA.OR.K.EQ.NB) GOTO 2000 00429100
¥3=23(K) 00429200
0ZL=DZ2S(K) 00429300
GOTO 1000 00429400
. 00429500
100 IF{M.EQ.3) X3=2C(KX-1) 006429600
IF(M.EQ.3) DZL=D2Z2C(K-1) 00429700
IFIM.EQ.2) X2=YC(J-1) . 00429800
IF(M.EQ.1) X1=XC(I-1) 00429900
1000 CONTINUE 00430000
ZL=X2»D2L 00430100
GOTO 3200 00430200
2000 CONTINUE 00430300
199




000 O

D2L1=DZZCIK-1} 00430400
DZL2=DZ2C{K) 00430500
IF (K.EQ.NB) DZL1=D2ZCI(K) 00430600
IF (K.EQ.NB) DZL2=DZZC(K-1) 00430700
ZL=UX2%DZL1+4D2ZL2)/2. 00430800
300 CONTINUE - 00430900
RETURN 00431000
END 00431100
00431200
00431300
SHEHHHEHHHEHHHHEHHHHHHEHHE 00431400
FUNCTION SILIN(V1,V2,01,02) 00431500
FHHEHHEHHEE HHHEHEHEEHE R 00431600
IF (D1.EQ.0.0.AND.D2.EQ.0.0} D1=0.1 00431700
IF (D1.EQ.0.0.AND.D2.EQ.0.0) D2=0.1 00431800
SILIN=(V1#%D2+V2%D1)/1D14D2) 00431900
RETURN 00432000
END 00432100
00432200
00432300
Lo T2 R e ST P A r e s T 00432400
FUNCTION BILIN(V1,V2,01,02,V3,v4,D3,D4,D05,061 00432500
P I I T I HEIE I I I I T IIEITE TN I I I I FE I 00432600
V12=(V1%D2+V2%D1)/(D14D2) 00432700
V34=({V3%DG+VaxD3 1/(D34DG) 00432800
BILIN={V12#Do+V34xD5)/(D5+D6 ) 00432900
END 00433000
00433100
00433200
IIHHEHHEHHEEHHEEE 00433300
SUBROUTINE STRESS 00433400
P26 I N IR I I 00433500
COMMON/RG/XC(93),YC193),2C(93),XS(93),Y5193),25(93), 00433600
1 DXXC(93),DYYC193),DZZC( 93 ),DXXS193),DYYS(93),D225193) 00433700
COMMON/BLY/DX,DY,DZ,VOL ,DTIME ,VOLDT, THOT ,TCOOL ,PI,Q,QR 00433800
COMMON/BL7/NI ,NIP1 ,NIM1 ,NJSNJPL,NIML,NX,NKP1 ,NKM1 00433900
& HNIPZ,NJP2,NKP2,NA,NAP]1,NAM]1,NB,NSP1,NBM1,KRUN,NCHIP ,NJRA,NHRP 00434000
COMMON/BL20/SIG11(22,16,32),51G12(22,16,32),51G22(22,16,32) 00434100
& »SIG13(22,16,32),516G23122,16,32),51632(22,16,32) 00434200
COMMON/BL22/ICHPB(10),NCHPI110},JCHPB( 10 ),NCHPJ110),KCHPB(10), 00434300
-3 NCHPK(10),TCHP(10},CPS(101,CONS(10),HWFAN(10) 00434400
COMMON/BL32/ T(22,16,32},R(22,16,32),P122,16,32) 00434500
] »Cl22,10,32),U122,16,32),VI22,16,32),R(22,16,32) 00434600
COMMON/BL37/ VISI22,16,22),C0ND122,16,32),N0D(22,16,22),RRALLI579)004364700
] »sCPM122,16,32),HS2(3,2),NHSZ(22,16,32),RESORM(93) 00434800
00434900
. 00435000
DO 100 K=2,NK 00435100
KP2=K+2 00435200
KPl=K+1 00435300
KM1=K-1 00435400
KM2=K -2 00435500
DO 100 J=2,NJ 00435600
JP2=J42 00435700
JPl=J+l 00435800
200




JIMlsg-1
JM239-2
£C 100 I=2,NI
IP2=1+2
IP1=1+1
IM1=1-1
IM231-2

CENTRAL LENGTH OF THE SCALAR CONTROL VOLUME

DXP1=XL(1P1,J,K,0,0)
DXI =XL(XI ,J,K,0,0)
DXM1=XL{IM1,J,K,0,0)

DYPI=YL'I,JP1;K)°’°)
DYJ =YL(I,J 3K»,0,0)
DYM1=YL(X,JM1,K,0,0)

DZP1=2L(1,J,KP1,0,0)
DZK =ZL(I,J,K ,0,0)
DZM1=ZL(I,J,KM1,0,0)

SURFACE LENGTH OF THE CONTROL VOLUME

DAN=XL(I,JP1,K,0,2)
DXS=XL(I,J »K»0,2)
DXF=XL(I,JsKP1,0,3)
DXB=XL(I,J5K ,0,3)

DYF=YL(I,J,KP1,0,3)
DYB=YLII,J,K ,0,3)
DYE=YL(IP1,4,K,0,1)
DYW=YL(I ,J,K,0,1)

DZE=ZL{IP1,J,K,0,1)
DZW=ZL(I ,J,K,0,1)}
DZN=ZL(1,JP1,K,0,2)
DZS=ZLII,J ’K,0,2)

CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T

DXEE=XLIIP2,J,K,0,1)
D¥E =XL(IP1,J,K,0,1)
DXW =xL(I »J1K,0,1)
DXHK=XL(IM1,J,K,0,))

DYNM=YL{I,JP2,K,0,2)
DYN =YLUI,JP1,K,0,2}
DYS =YLII,J ,K,0,2)
DY$S=YL(I,JM1,K,0,2)

DZFF=2L11,J4,KP2,0,3)
DZF =ZL(I1,J,KP1,0,3)
DZB =ZLII,J,K ,0,3)
DZBB=2L(1,J,KM1,0,3)

201

00435900
00436000
00436100
00436200
00436300
00436400
00436500
00436600
00436700
00436800
00436900
00437000
00437100
00437200
00437300
00437400
00437500
00437600
00437700
00437800
00437900
00438000
00438100
00438200
00438300
00438400
00438500
00438600
00438700
00438800
00438900
00439000
00439100
00439200
00432300
00439400
00439500
00439600
00429700
00439800
00439900
00440000
00440100
00440200
00440300
00440400
00440500
00440600
00440700
00440300
00940900
00441000
00441100
00441200
00441300




[T

UBARZ0.5%(U(IP1,J,K1+ULI,J,K))
VBAR=0.5% VI1,JP1,K)+V(I,J,K))
WBARZ0.S¥(W(I,J,KPL)¢K(I,J5K)}

DXY=DXI*DYJ
DYZ=DYJI%DZK
DZX=DZK*DXI

SIG1I(I,J,K)=2.%#VISIT,J,K 1% (UIIP1,J,K)-UlI,J,K))/DXI
+VBAR®{ DXN-DXS 1/DXY
] +WBAR¥( DXF-DXB )/DZX )

SIG22(1,J,K)=2.%VIS(I,J,K)%{ (V(I,JP1,K)-V(I,J,K)}/DYJ
& +HBARX(DYF-DYB )/DYZ
& +UBAR®( DYE-DYW )/DXY }

SIG33(1,J,K)=2. ¥VIS(T,J,K I®{ (W(I,J,KP1)-H(1,J,K))I/DZK
) +UBAR*(DZE -DZH )/DZX
& +VBAR®(DZN-DZS )/DYZ)

100 CONTINUVE

B0 200 K=2,NKP1
KP2:K+2
KPl=K+1
KM1=K-1
KM2=K-2
DO 200 J=2,NJP1
JP2=J+2
JP1=z0+1
JM1=4-1
JM2=J~2
0O 200 I=2,NIP1
IP2=1+2
IP1=1+1
IMl=I-1
IM2=1-2

C xun FOLLOWINS DX, DY, DZ, ARE BASED ON THE LOCAL CONTROL
C VOLUME FOR S1Gl2

c IF (J.EQ.2) GOTO 300
DXN=XL{I,J »K3150)
DXS=XLEI,JM1,K,1,0)
DYE=YL(I »Jd5K>2,0)
DYN=YL(IH1)4)K;2)°]
DXI=XLII ,J4,K,1,2)
DYJ=YL(I sJ3K,2,1)

DYN=YL(I)J ’K)I)O)
DYS=YL(I,JM1,K,1,0)
DXE=¥LII »J1K32,0)
DXW=XL(IM1,J0,K,2,0)

202

00441400
00441500
00441600
00441700
00441800
00441900
00442000
00442100
00442200
00442300
00442400
00442500
00442600
00442700
00442800
00442900
00443000
00443100
00443200
00443300
00443400
00443500
00443600
00443700
00443800
00443900
00444000
00444100
00444200
00444300
00444400
00444500
00444600
00444700
00444800
00444900
00445000
00445100
00445200
00445300
00445400
00445500
00445600
00445700
00445800
00445900
00446000
00446100
00446200
00446300
00446400
00446500
00446000
00446700
00446800




UBAR=SILINIU(I,J,K),U(I,IM1,K},DYN,DYS)
VBAR=SILINI(V(I,J,K),VIIML,J,K),DXE,DXH)

VIS12=BILIN(VIS(I ,J,K},VISII ,JM1,K),DYN,DYS,
& VISUIML,J,K),VISUIML,JM1,K3,0YN,DYS, DXE,DXH)

S1G1l2(I,J,K)= VIS12%((V(I,J,K)-V(IM1,J,K))/DXI
] ~VBAR¥{ DYE-DYW)/(DX1%DYJ))
SI612{1,J,K)=SIG12(I,J,K)4VIS12#((UII,J,K}I-Ul],IM]1,K))/DYJ
& ~UBARX( DXN-DXS )/ OXI%*DYJ ) )

300 CONTINUE

[0 0 ) FOLLOWING D>, DY, DI, ARE BAZED ON THE LOCAL CONTROL
c VOLUME FOR SIG13

DXF=XL{I,J,K ,1,0)
DXB=XL(X,J,KM1,1,0}
DZE=ZL(] »41K53,0)
DZH=ZL(IM1,J,K,3,0)
DXI=XL(X »JrK»1,3)
DZK=ZLII ,J,K,3,))

DZF=ZL(I,J,K ,1,0)
DZB=ZL(I,J,KM1,1,0)
DXE=XL{1 »J3K»3,0)
DXH=XL{IM1,J,K,3,0)

IF (DZF.EQ.0.0.0R.DZB.EQ.0.0.0R.DZE.EQ.0.0.0R.DZW.£Q.0.0)
& WRITE (6,%) I,J,K, DZF,0ZB,DZE,DZN
UBAR=SILINIUII,J,K),U(I,J,KM1),D2F ,DZB)
KBAR=SILINIHWII,J,K J5RUIML,J,K ) ,D%E ,DXH)

VIS13=BILIN(VISII ,J,K),VIS(I ,J,KM1),D2F,DZB,
] VIS(IM1,J,K),VIS(IM1,J,KM1),D2ZF,DZB, DXE,DXN)

SIG131I,J,K)= VIS13#{(K(I,J,K)-K(IM1,J,K))/DXI
& ~HBAR%(DZE-DZW )/ DXI*D2ZK))
SIG13(1,J,K)=SIG13(I,J,K)I+VIS13*((UII,J,K)-U(I,J,KM1))/DZK
& ~UBAR%(DXF~DXB )/(DXI*DZK))

C wiean FOLLOWING DX, DY, DZ, ARE BASED ON THE LOCAL CONTROL
c VOLUIME FOR SIG23

DZN=ZL(I,4 ,K,3,0)
023522L(1,JM1,K+3,0)
DYF=YLII,J,K ,2,0)
DYB=YL(X,J,KM1,2,0)
DZK=2ZL(1,J:K,3,2)
DrJzYLII,J,K32,3)

DYN=YL(I,J ,K,3,0)
DYS=YLI]I,UM1,K,3,0)
DZF=ZL(I,J,K ,2,0)
DZB=ZL(]I,J4,KM1,2,0)

203

00446900
00447000
00447100
00447200
00447300
00447400
00447500
00447600
00447700
00447800
00447900
00448000
00448100
00448200
00448300
00448400
00448500
00448600
00448700
00448800
00448900
00449000
00449100
00449200
00449300
00449400
00449500
00449600
00449700
00449800
00449900
00450000
00450100
00450200
00450300
00450400
00450500
00450600
00450700
00450800
00450900
00451000
00451100
00451200
00451300
00451400
00451500
00451600
00451700
00451800
00451900
00452000
00452100
00452200
00452300




00452400

R WBAR=SILIN(HWII,J,K),N(I,JM1,K),DYN,DYS) 00452500
VBAR=SILIN(V(I,J,K),VII,J,KM1),DZF,DZB) 00452600
00452700

VIS23zBILIN(VISII ,J,K),VIS(I,uM1,K ),DYN,DYS, 00452800

3 VIStI,J,KM1),VIS(I,JML1,KM]),0YN,DYS, D2ZF,0ZB) 00452900
00453000

SI623(I,J,K)= VIS23#({VII,J,K)-VII,J,KM1))/DIK 00453100

& ~VBAR®(DYF-DYB }/(DZK*DYJ } ) 00453200
SIC23(I,J,K)=SIG23(1,J,K)+VIS23%((HI1,J,K)-KlI,JIM)1,K))I/DYJ 00453300

& ~WBAR*{ DZN-DZS )/({ DZK*DYJ ) ) © 00453400
00453500

200 CONTINUE 00453600
DO 110 I=1,NIP1 00453700

DO 110 J=1,NJP1 00453800

c HWRITE (6,998) I,J4,S1611(1,4,5),S1G12(I,J,5),SIG13(I,J,5), 00453900
c 1 3 $1622(1,J,5),81623t(1,4,5),S1G331(1,J4,5) 00454000
998 FORMAT (2X,14,1X,14,6(1X,E11.4)) 00454100
110 CONTINUE 00454200
RETURN 00454300

END 00454400
00454500

00454600

00454700

c 00454800
P FEIEIIE I I I K FEHIHHHEHEHEHHHEHHHHHHHHHEHHHHEHHEHHHEHEHHHHHHH 0 04 54 90 0
SUBROUTINE CALQ(LL) 00455000

FEEIE FeIE U IEIEIEIIEIEIEFEIHIE I T I I FIE T NI IEIE I I I SIS SHHHE 0 004 551 00
COMMON/BL1/DX,0Y,DZ,VOL ,DTIME,VOLDT , THOT, TCOOL ,PI,Q,QR 00455200
COMMON/BL7/NI,NIP1,NIML,NJ,NJP1,NIML,NK ,NKP) ,NKM1 00455210
COMMON/BL12/ NWRITE,NTAPE ,NTMAXO,NTREAL ,TIME ,SORSUM,ITER 00455200

COMMCN/BL19/HCOEF , TINF ,CNT ,ABTURB ,BTURB , VISL , VISMAX , QCORRT , PM1, PM200455400
COMMON/BL16/ CONST1,CONSTZ,CONST3,CONST4,CONST6 ,NT ,U0,H,UGRT ,BUOY , 00455500
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP,TWRITE , TTAPE , TMAX,GC ,RAIR00455600

COMMON/BL34/ HEIGHT(22,16,32),REQ122,16,32), 00455700
& SMP(22,16,323,SMPP(22,16,32),PP122,16,32), 00455800
] DUt 22,16,32),D0V(22,16,32),DW(22,16,321 00455900

COMMON/BL37/ VISI22,16,32),CO0ND(22,16,32),N0D(22,16,32),RHALL(579)00455910
2 »CPM122,16,32),H3213,2),NHSZ2(22,16,321,RESORMI 93} 00455920

COMMON/BL39/7ALER , PCURVE ,CONSRA , FCURM1 , PSOUTH ,QCORR , PERROR 00456000

00456100

C ®%% IN MANY OF THE FOLLOWING LINES A TEMPORARY CORRECTION FOR 00456200
C = ADJUSTING QQ TO AGREE WITH THE PRESSURE HAS BEEN APPLIED. 00456300
00456400

YTIME=TIME*H/U0 00456500
00456510

VOLT=0.0 00456520

DO 113 I=2,NI 00456530

00 113 J=2,NJ 00456540

00 113 K=16,17 00456550

IF (HH32(I,J,K).EQ.0) GOTO 113 00456560

DXI =XLI(I ,J,K,0,0) 00456570

DYJ =YLII,J ,K,0,0) 00456580

DZK =2L(I,J4,K ,0,0) 00456590

VOL=DXI®DY UuDZK#H%H%H 00456591
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-

Nng due acs

VOLT=VOLT+VOL 00456592

113 CONTINUE 00456593
00456594

QRVOL=0. 00456595

DO 70 1=561,579 0045659
QRVCL=GRVOL#RHALL(T )%]1,./12.%0,.2%PI 004950597

70 CONTINUE 00456598
c 00456599
QR=QRVOL/VOLT#HJIORCPO#RHOO%TA/H 00456600
00456700

IF (XTIME.LT.23.1) THEN 00456800
PCURVE=9.789522E -5%XTIME##2-2 ,388310E ~6%XTIME##3+ 00456900

& REQ(10,9,16) 00457000
OPDT =9.789522E-5#XTIME#2-2.388310E-6#XTIMERN2#3 00457100

ELSE 00457200
PCURVE=0.0052+.812649E-3%XTIME-, 22604E -S5#XTIME#N2¢,27262E -8uXTIME##00457300

2 3-.115621E-11#XTIME*%4+REQ(10,9,16) 00457400
DPDT=.81264E-3-.22604E-5%XTIME*2+,27262E -8%XTIME %» 00457500

& 2%3.0-.115621E -1 1% XTIME #%3%4 00457600
ENDIF 00457700

IF ( LL .EQ. 1) THEN 00457710
Q3=1.0EE¥DPDT 00457800
Q=C3%3.4134/60./60., 00457900

65 CCHTINUE 00458000
G=Q*QCORRT-QR 00458100
00458200

CLSE 00458300

c THIS USES A CURVE FIT THROUGH THE BURNRATE DATA GIVEN BY NRL 00458400
GCORRT=0.0 00458410
QCORR=0.0 00458420
ITEST = 0 00458500
BURNR1= 5.4576748 40.18815346%XTIME-.20153996E -03%XTIME®%2 00458600
BURNR2= -1.3116787 + .33158595%XTIME-.7342952E-03#XTIME##2 00458700

3 +.50945510E-06#XTIME*%3 00458800

IF (XTIME .LT. 100) THEN 00458900
BURNR= BURNR2 + 1.3117-.013117#XTIME 00459000

ELSE 00459100

BURNR = BURNR2 00459200

ENDIF 00459300
IFIXTIME LE. 300) GO TO 60 00459400
IFIBURNRZ .LT. BURKR1) THEN 00459500

EURNR = (BURNR1 + BURNR2) / 2 004590600

60 TO 60 00459700

ELSE 00459800

IF ( XTIME .LT, 600.0) GO YO 60 004£9°00

IF (ITEST .EQ. 0) THEN 00450C00

BURNP3 = BURNRZ 00460100

ITEST = 1 00460200

ENDIF 00460300

BURNR = BURNR3 00460400

ENDIF 00460500

60 Q = BURNR#2.2046%9612./3600.-QR 00460600
CC  THIS GIVES Q IN BTU/SEC 00460700
00460800

ENDIF 00460900
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Q=59.31340.7195%XTIME~0.1139E-2#XTIME#%2-0.3367E -5%XTIME#x3
Q=Q*3412/3600

RETURN

END

c

00460910
00460920
00461000
00461100
00461200
00461300
00461400
00461500

T JEIIE 000 3¢ 3630 30 NS H36 336 30 336 363038 S 3 FHHT IS MR HHHHHHHEHEHHHEE 004 6 1 600

SUBROUTINE RADHT{TGMWALL,VFHXC)

00461700

SR I I 30T JIE I I U6 36 J0 T H I IR T ST HEHHHE HHHHHHHHHHHH 0046 1 800

COMMON/BL 7/NI ,NIP1 ,NIM1,NJ,NJP1 ,NJM1 »NK ,NKP1 ,NKM1
& HNIP2,NJP2,NKP2,NA,NAPL,NAM] ,NBsNBP1 ,NBML ,KRUN,NCHIP ,NJRA ,NHRP

00461900
00462000

COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6 ,NT ,U0,H ,UGRT ,BUOY ,00462100
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP ,THRITE , TTAPE , TMAX,GC RAIR00462200

COMMON/BL32/ T122,16,32)5R122,16,32),P122,16,32)
& »C122,10,32),U(22,16,32),V(22,16,32),W122,16,32)

00462300
00462400

COMMON/BL37?/ VIS(22,16,32),CONDI22,16,32),N0D122,16,32),RHALLLS79)00462500

»CPM122,16,32),HS2(3,2),NHSZ(22,16,32),RESORM( 93 )
COMMON/BL39/ALEH, PCURVE ,CONSRA , PCURM1 , PSOUTH , QCORR , PERROR

DIMENSION VFMXC(579,579),T4NALL(579)

BO 4010 K=3,NKM1

DO 4010 I=2,NI

II=tK=-3 1%(NI-11¢1-1

TGRALL{II }=CONSRA®T(I,NJRA,KI*T(I,NJRA,K)I%T(I,NJRA,K)%T{I,NJRA,K)
4010 CONTINUE

C RADIATION FROM THE FIRE TO THE WALL

DO 4011 J=3,9
JJ=561+9-J
AVT=0.25#1T116,J516)4T117,J,16)4T(16,J,17)¢4T117,J,17))
TOWALL(JJ 12CONSRAXAVTRAVT#AVT#AVT

%011 CONTINUE

DO 4012 J=3,14
JJ=5684J-3
AVT=0.25%1T(6,J,1610T(7,4,16)4T16,J,17)¢T(7,4,17))
TORALL( JJ ISCONSRAKAVTRAVT #AVT#AVT

4012 COMNTINUE

DO 4020 I=1,579

RHALL(I)=0.0

L0 4020 J=1,579

RWALL(I J=RWALL(I )eVFMYCII,J )%TGHALLLJI)
4020 COMTINUVE

RETURN

END

c

00462600
00462700
00462800
00462900
00463000
00463100
00463200
00463300
00463400
00463500
00463600
00463700
00463800
004622900
00464000
00464100
00464200
00464300
00464400
00464500
00464600
00464700
004064800
00464900
00465000
006465100
00465200
00465300
00465400
00465500
00465000
00465700
00465820
00465900
00466000
00466100

SEIHIE A U 3 608 B TSI B0 D0 3t 9636 D BT 00 36 3t 34 ST I 6 I 16 IS 36 F TSI 4% - HHHE 4 004 6 6 200
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SUBROUTINE GLCOBE 00466300
PRI I JIETEI6 263606 2 T I J00 36 030 36 3630 H-DEIE 063 F0E 36 D30 96 38 SESEII8 J6-0H-HEIE 638 36 3 e 34 393 SHEHHHHEHLH 0 04 6 64 00

* THIS SUBROUTINE CALCULATES THE GLOBAL PRESSURE CORRECTION, #00466500
* WHEREBY THE PRESSURE MATRIX 1S UPDATED. #00466600
* VARIABLES USED ARE: *#00466700
* SUMT s SUM OF TEMPERATURES #00466800
* SUMPT = SUM CF PRESSURE OVER TEMPERATURE #00466900
* SUMPET = SUM OF EQUILIBRIUM PRESSURE OVER TEMP%*00467000
* UGRT = CONSTANT #00467100
» PCORR = PRESSURE CORRECTION #00467200
. TN TN I DI I8 30 36 0636 06 I DETEIE I 36 36 0TI I3 36 2-IHI6 I T6 36 30 -3 96 36 -0 NI E R 004 6 7300
. COMMON/BL7/NI »NIP1,NIM1,NJ,NJPL,NJML ,NK,NKPL ,NXML 00467400
& HNIP2,NJP2,NKP2,NA,NAP1,NAM1,NB,NBP1,NBM1 ,KRUN,NCHIP ,NJRA,NWRP 00467500
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT ,U0,H,UGRT ,BUOY ,00467600

& CPO,PRT,CONDO,VISO,RNO0,HR,TR,TA,DTEMP,TWRITE, TTAPE , TMAX,GC ,RAIR00467700
COMMON/BL32/ T122,16,32),R(22,16,323,P(22,16,32) 00467800

- 3 »C(22,16,321,U(22,16,321,V(22,16,32),M(22,16,32) 004567900
- COMMON/BL34/ HEIGHT(22,16,32),REQ(22,16,32), 00468000
& SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00468100

: DU122,16,32),DV(22,16,32),DH(22,16,32) 00468200
COMMON/BL37/ VIS(22,16,321,COND122,16,32),NOD(22,16,32),RHALL(579100468300

& sCPM122,16,32),H52(3,2),NHSZ(22,16,32),RESORM( 93 ) 00468400
00468500

SUMT=0. 00468600
SUMPT=0. 00468700
SUMPET=0. 00468800

DO 370 I=2,NI 00468900

DO 370 J=2,NJ 00469000

L0 370 K=2,NK 00469100

IF (NOD(I,J,K}.EQ.1) GOTO 370 00469200
DXI=XL(I1,J,K,0,0,0) 00469300
DYJ=YL(I,J,K,0,0,0) 00469400
DZK=ZL(I,J,K,0,0,0) 00469500
VOL=DXI®DYJ%DZK 00469600
SUMT=SUMT+1./T(I,J,K )#VOL 00469700
SUMPT=SUMPT+P(I,J,K)/T(I,J,K 1#VOL 00469800
SUMPET=SUMPET+REQ(I,J,K)%(1./1.0-1./T(I,J,K))I*VOL 00469900

370 CONTINUE 00470000
SUMPET=SUMPET/UGRT 00470100
PCORR={ SUMPET-SUMPT )/SUMT 00470200
FCORRN=PCORR 00470300
00470400

Do 371 I=1,NIP1 00470500

0O 271 J=1,NJP1 00470600

DO 371 K=]1,NKP1 00470700
PiI,J5K)1=P(I,J,K)+PCORRN 00470800

371 CONTINUE 00470900

. 00471000

RETURN 00471100

END 00471200
00471300

00471400

00471500

c 00471600

FEIE TN I 6 FIAE TP I T I 6 3 336 T30 P9I 96230 90 36 ST TP ST TP T 3 96 36 36 96 98 9% 6 96 3634 SHIE 36 360 9 30326 % 20 04 7 1 700
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[ ) SUBROUTINE SOLCON 00471800
. FHI PN RIEIIN NI T S IHEH HHHHHHHHHHHHHHEH:E 004 71 900
COMMON/BL7/NI,NIP1,NIM1,NJ,NJP1,NJUML,NK ,NKP] , NKM1 00472000

& HNIP2,NJP2,NKP2,NA,NAPL1,NAM1,NB,NBP1 ,NBHM1 ,KRUN,NCHIP ,NJRA,NWRP 00472100
COMMON/BL12/ NMRITE ,NTAPE ,NTMAXO,NTREAL ,TIME ,SORSUM,ITER 00472200
COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT,U0,H,UGRT ,BUOY , 00672300

& CFO,PRT,CONDO,VISO,RHO0,HR,TR,TA,DTEMP,TWRITE,TTAPE, TMAX,GC ,RAIR00472400
COMMON/BL22/ICHPBI10 ) ,NCHPI(10),JCHPB(10),NCHPJ(10),KCHPB(10]), 00472500

& NCHPY.110),TCHP{10),CPS110),CONS( 10 ),RFAN(10) 00472600
COMMON/BL37/ VIS122,16,32),COND(22,16,32),N0D(22,16,32),RHALL1579)00472700

& »CPM(22,16,32),HS2(3,2),NHSZ(22,16,32),RESORM( 93} 00472800
00472900

DO %02 N=1,NCHIP 00473000
IB=ICHPBI(N) 00473100
IESIBONCHPI(N)~-1 00473200
JB=JCHPBIN) 00473300
JE=JB+NCHPJI(N)-1 00473400
KB=KCHPBIN)} 00473500
KE=KB+#NCHPK(N)-1 00473600

00 %05 I=1B,IE-1 00473700

DO 405 J=JB,JE-1 00473800

DO 405 K=KB,KE-1 00473900
COND(I,J,K )=CCNDO%CONS(N) 00474000
CPM(I,J,K1=CPSI(N) 00474100
NCDI(I,J,K =1 00474200

IF (J.EQ.NJ) COND(I,NJP1,K)=COND(I,NJ,K) 00474300

IF (I.EQ.2) COND(1,4,K)=COND(2,J,K) 00474400

IF (I.EQ.NI) CONDU(NIP1,J,K)=CONDI(NI,J,K) 00474500

IF (I.EQ.2.AND.J.EQ.NJ) COND!1,J+1,K)=COND(2,J,K} 00479600

IF (I.EQ.NI.AND.J.EQ.NJ) COND{NIP1,J+1,K}=CONDINI,J,K) 00474700

IF (J.EQ.NJ) CPM(I,NJPL1,K1=CPMII,NJ,K) 00474800

IF {I.EQ.2) CPM(1,J,K}=CPMI2,J,K) 00474900

IF (I.EQ.NI) CPM(NIP]1,J,KI=CPMINI,J,K) 00475000

IF (I.EQ.Z.AND.J.EQ.NJ) CPM(1,J+1,K}=SCPM(2,4,K) 00475100

IF (I.EQ.NI.AND.J.EQ.NJ) CPMINIP1,J+1,K)=CPMINI,J,K) 00475200

405 CONTINUE 00475300
402 CONTINUE 00475400
RETURN 00475500

END 00475600
00475700

00475800

c 00475900
FIIE PIEFe I I I I I 0 I I 6 I T 6 3596 T T 3 T T 3636 36 36 I T6-636 36 D6 36 363636 3636 36 3636 63636 36 IE36 I I-I6-6 36 36 36 334 36 3436 363 3696 %% 0 064 76 0 00
SUBROUTINE PTRACK 00476100

I FEIIEICIEIFIEI NI I I I IETETE I 0636363036 36 3 360606 36 JE 610 D636 0606 6 J-HETEIE H H A JE DI I R R X X 0 04 76 200
COMI:ON/BL14/HCOEF , TINF ,CNT ,ABTURB ,BTURE , VISL , VISMAX ,QCORRT , PM1,PM2004 76300
COMMON/BL16/ CONSTY,CONSTZ ,CONST3 ,CONST4,CONST6,NT ,U0,H,UGRT ,BUOY ,00476400

& CPO,PRT,CONDO,VISO,RHOO0,HR,TR,TA,DTEMP,TWRITE , TTAPE , TMAX,GC ,RAIR00476500

COMION/BL32/ T122,16,32),R122,16,32),P(22,16,32) 00476600
4 »C(22,16,32),U122,16,32),V(22,16,32),WH(22,16,32) 00476700
COMMON/BL34/ HEIGHT(22,16,32),REQ(22,16,32), 00476800
) SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00476900
& bUL22,16,32),DV122,16,32},0H(22,16,32) 00477000
COMMON/BL39/ALEW, PCURVE ,CONSRA , PCURM1 , PSOUTH , QCORR , PERROR 00477100
00477200
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CC %% THE FOLLOWING PRESSURE TEST IS A TEMPORARY MEASURE TO MODIFY THE 0C%77300

cc HEAT INPUT TO FORCE THE CALCULATED PRESSURE TO AGREE WITH THE 00477400
cc EXPERIMENTAL PRESSURE. 1IT WILL BE USED UNTIL ACCURATE HEAT INPUT 00477500
CC #% 1S RECEIVED. 00477600
cc 00477700
PSOQUTH=P{10,9,16 1*CONST1+REQ(10,9,16) 006477800
PERROR={ PCURVE -PSOUTH 1 /PCURVE 00477900
QCORR=1.0+PERRUR-(PSOUTH-PM1 )/PCURVE 00478000
QCORR=1.0+PERROR-{ PSOUTH-PM1 )/PCURVE ¢« ( PSOUTH-PM1 )/{ PCURVE ~PCURM1 )%004 78100

 § { PCURVE ~PM1 )/PCURVE 00478200
QCORRT=QCORRT*QCORR 00478200
PCURM1=PCURVE 00478400
PM1=PSOUTH 00478500

[ 00478600
RETURN 00478700

END 00478800
00478900

00479000

00479100

[ 00479200
NI FEEIETEIIENIEFIEIE I 2 T I I T HIEHTE HTIE I ICIIEN T JETEIIIE T I F I I R %% % 0064 79300
SUBROUTINE TCP 00479400

I HFEIIEEIEIE I I HIIEI I HIEFEIEIETE I I IEIEIE I HIETEI SN IIIIEIIE I R I IR 004G 79500
00479600

3636 3P HETE HEIEIETE T IEIEIEIEIETEIEE I I JEIE 06 F636 36 3636 36 JET696-36-JE06 366966 HEEIEIE I IEIEIEIE JEDEJEI66 0636 06 J6-06 16 96 JEIE M MR X 0 04 79 700
»* THIS SUBROUTINE CALCULATES THE TEMPERATURE AT THE TERMOCOUPLE #00479800
» POSITIONS, %#00479900
FEIEIEIETEI I TEIEJEIE I 6 36 I I I FEIIEIE TN FIEIEIEIE U6 I UEIEI HIEIIEIEIHEIEIEIE JEIIEIE I I HEIHE I I HHE I I % 00480000
COMMON/RG/%C(93),YC(93),2C193),%S5193),YS193),25193), 00480100

& DXXCt93),DYYC193),D2ZC193),0XXS(193),DYYS(93),D225(93) 00480200

COMMON/BL16/ CONST1,CONST2,CONST3,CONST4,CONST6,NT ,U0,H,UGRT ,BUOY ,00480300
& CPO,PRT,CONDO,VISO,RHO0,HR,TR,TA,DTEMP, THRITE , TTAPE , TMAX,GC ,RAIR00480400

COMMON/BL32/ T122,16,22)5R122,16,32),P(122,16,32) 00480500
g »C1022,16,32),Ut22,16,323,V(22,16,32),H122,16,32) 00480600
COMMON/BL38/NTHCO,CX(12),LY(12),C2(12),NTH(12,3),TCOUP(12) 00480700
00480800

00480900

DO 5100 N=1,NTHCO 00481300
II=NTHIN,1) 00481100
JJ=NTHIN, 2) 00481200
KK=NTHIN,3) 00451300
VOL=ABSI(XCIII+1)=-YC(II))H(YCIJIJ+11-YCLJIJ ) 1%{ZCIKK+]1)-ZC(KK])) 00481400
TCOUPIN)=0. 00481500
DO 5101 I=II,II+l 00481600
JII=I1+11+1-1 00481700
D0 5101 J=JJ,JJ+l 00481800
JJd=JJedJ+1-J . 00481900
DO 5101 K=KK,KK+1 00482000
KKK =KK ¢KK +1-K 00482100
WVOL=ABS( (XCII)-CXIN) )®(YC(J)I-CYIN)I®(ZCIK)-CZIN) ) )/VOL 00482200
TCQUPIN)=TCOUP(IN ) +HVOL*TIIII,JJJ,KKK) 00482200
5101 CONTINUE 00482400
TCOUPIN)=TCOUP(N)*TR~273.18 00482500
00482600

5100 CONTINUE 00482700
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00482800

RETURN 00482900

END 00483000

00483100

00483200

00483300

c 00483400

FIHE I NI NI e I HE IS I S M T S 0048 3500

SUBROUTINE OUTINN) 00483600

BN FIEIENIEIIE NI I NN I HEE I F NI I SIS HHHHHEHHEEHH 0068 3 700

COMMON/BLL/DX,DY ,DZ,VOL ,0TIME ,VOLDT , THOT ,TCOOL ,PI ,Q,QR 00483800

COMMON/BL 7/NI 5NIP1 ,NIM1 ,NJ5NJPL ;NJM1 ,NK ,NKP 1 , NKM1 00483900

& SNIP2,NJP2,NKP2,NA,NAP1,NAM],NB,NBP1,NBM1,KRUN,NCHIP ,NJRA,NWRP 00484000

COMMON/BL12/ NWRITE ,NTAPE ,NTMAXO ,NTREAL ,TIME , SORSUM,ITER 00484100

COMMON/BL14/HCOEF , TINF ,CNT ,ABTURB ,BTURB , VISL , VISMAX ,QCORRT ,PM1 ,PM200484 200

COMMON/BL16/ CONST1,CONST2,CONST3,CONSTS ,CONST6 ,NT ,U0,H,UGRT ,BUOY ,00484300

& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,DTEMP ,THRITE ,TTAPE , TMAX,GC ,RAIR00484400

COMMON/BL32/ T122,16,32),R122,16,32),P122,16,32) 00484500

& »C122,16,32),0122,16,32),V(22,16,32),H(22,16,32) 00484600

COMMON/BL3G/ HEIGHT(22,16,32),REQ(22,16,32), 00484700

& SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00484800

& DU(22,16,32),DVE22,16,321,0W122,16,32) 00484900

COMMON/BL36/AP122,16,321,AE122,16,32),AK122,16,32),AN122,16,32), 00484910

A5(22,10,32),AF122,16,32),AB122,16,32), 00484920

& SP(22,16,32),SU(22,16532),R1122,16,32) 00484930

COMMON/BL37/ VIS(22,16,32),COND(22,16,323,N0D(22,26,32),RWALLE579)00485000

& »CPM122,16,32,HS2¢3,2),NHSZ122,16,32),RESORM(93) 00485100

COMMON/BL38/NTHCO,CX(12),CY(123,C2(12),NTH(12,3},TCOUP(12) 00485200

COMMON/EL39/ALENW , PCURVE , CONSRA , PCURML , PSOUTH , QCORR , PERROR 00485300

XTIME=TIME*H/UO 00485400

IFU NN .EQ. 1) THEN 00485500

c 00485600

QRR=60.%60./3.412/1000.%QR 00485610

KWRITE( 6,500} XTIME,NTREAL,TIME,ITER,RESORM! ITER },SORSUM,QRR 00485700

EOC FORMAT(1X, °'TIME=',F7.3,' S',1X,'NTREAL=',19,1X, 00485800

& 'TIME=',F7.2,'<0>',1X,'ITER=",12,1X, 'SOURCE=", 00485900

& F9.6,1X,'SORSUM="',F9.6,1X,"' QR(KH) = *,F10.4) 00486000

c 00486100

QKW = ((60.%#60.)/(3.6412%1000.))* Q 00486200

PRINT = 00486300

PRINT %, ' PCURVE PSOUTH PERROR Q00486400

&CRR QCORRT QUKW * 00486500

PRINT %, PCURVE,PSOUTH,PERROR,QCORR,QCORRT QKN 00486600

PRINT = 004€6700

c 00486800

ELSE IFU NN .EQ. 2 ) THEN 00486900

PRINT #= 00487000

PRINT #,°* " TEMPERATURES AT THERMOCOUPLE POSITION IN (C)' 00487100

HRITE (6,%) (TCOUP(N),N=1,NTHCO) 00487200

PRINT = 00487300

PRINT #% 00487400

00487500

ELSE 00487600

00487700

DO 502 L=25,25 00487800
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o000 o O

K=L 00437900
00 502 M=1,NIPl 00488000
I=M 00488100
WRITE(6,504) I,K 00488200
504 FORMAT!(/,2X,'1=',12,58X,'K="',12,/,10X,' T NOD',3X,'RIGM/C.C.)",2X, 00488300
& 'UICM/SEC ' ,2X, *VICM/SEC)* ,2X, '"WICM/SEC) ', 'P (ATM)',5X, 'SMP',5X%, 00488400
& 'VISISEC/CM-CM)',3X, 'CONDISEC/CM-CM}', "' XSMP',/) 00488500
513 DO 503 J=1,NJPl 00488600
XTEMP=T(I,J,K )/CONST2-273,16 00488700
XTEMP=TI{I,J,K 1 00488800
¥R=R(I,J,K IRH00/2.2048 #1000.%(0.0328 )%x3 00488900
XR=RtI,J4,K) 00489000
XU=ULI,J,K )*CONST6 00489100
XV=VUI,J,K ICONSTS 00489200
XR=W(I,J,K )%CONST6 00489300
XP={P1I,J,K)¥CONSTI+REQ(I,J,K IRPINT) 00489400
XP=P(I,J,K) 00489500
XUz=UtI,J,K) 00489600
XV=VIIJI,K) 00489700
XH=R11,J,K+1) 00489800
XVIS=VISII,J,K )¥RHOOXCPOxH%U0*]1.48314 00489900
XCOND=COND(I,J,K )#RHOO®CPO*H*U0O%1 . 488164 00490000
XVIS=VISII,J,K)/VISO 00490100
XCOND=COND(I,J,K)/VISO 00490200
XSMP=RILI,J,K) 00490300
DOYY=1./FLOAT(NJM1-2) 00490400
PE =SQRTIUII,J,KInn2eVII,J,K)Inu24W(I,J,K )2 )%DDYY/COND(I,J,K} 00490500
HRITE(6,511)J,XTEMP yXR>XU XV, XH XP ,SMP(1,J,K ), XVIS ; XCOND , XSHP 00490600
511 FORMAT(2X,'J=',I3,2X,F6.3,2X,F6.3,2%X,F7.3,2X,F7.3,3X,F7.3,3X 00490700
% ,F12.3,3X,F9.6,2%X,F6.2,2X,F6.2,2X,F6.3) 00490800
503 CONTINUE 00490900
502 CCHTINUE 00421000
ENDIF 00492100
RETURN 60421200
ENC 00%21200
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